RESEARCH-CONTROL:TEACHING | 


the standard laboratory bath 


Stainless steel tank: Propeller stirring. 
Dial marked in degrees Centigrade. 
Available with pump for circulating water 
through other apparatus. 

Wide range of test-tube racks, lids, 
cooling and constant level devices. 
Unconditionally guaranteed for 

one year. Forty-eight hour 

repair service, and loan units 


available by return of post. 


Standard Modets 

Range 10 to 100 C . 025 C 
SBI (9" » 8” e) .. 428 
SB2 (15” = 8” = 6’). £31 O 
SB3 (21” « 12” = II") £36 10 
SB4 (15” » 12’ 7)... £3 ¢ 
(working space in brackets) 


Grant Instruments 
(Cambridge) Ltd. 
Bartington, Cambridge Telephone: Harston 528 





TRADE MARK 


‘ANALAR’ Reagents 


aR ie 


mm * @ oy 


b 


Zz — 
First in 1911 to publish a series of British Reagents Specifications, Hopkin 
& Williams Ltd., were one of the two companies who in 1934 introduced the 
now widely-accepted system of “ANALAR’ specifications *. 
From the outset Hopkin & Williams have manufactured and tested reagents to 
these specifications with a meticulous care that has inspired confidence in 
*“ANALAR’ throughout the world. From time to time more effective methods of 
purification permit the tightening of existing specifications, and new ones are 
added to meet the users’ up-to-date requirements. At present no less than 308 
*“ANALAR’ Laboratory Reagents, besides many other ranges of chemicals for 
special purposes, are available as part of the H. & W. service to research, analysis 
and industry 
*“ “ANALAR’ STANDARDS FOR LABORATORY CHEMICALS”, 
Sth Revised Edition 1957, 21/- post free 


CHEMICALS 


macemark for research, analysis and industry 


HOPKIN & WILLIAMS LTD. CHADWELL HEATH, ESSEX, ENGLAND 


Branches: London, Manchester, Glasgow Agents throughout U.K. and all over the world 


TAS/HW.15 














“ESCOPLASTIC” 


VINYL PRODUCTS 


FLEXIBLE AND RESISTANT TO MANY CHEMICALS 


© TUBING 


TRANSLUCENT OR CLEAR, NON-PYROGENIC 
AND NON-TOXIC, FLEXIBLE, STERILIZABLE IN 
STEAM AT 120°C., IN SIZES FROM 0.5 mm. 
TO 40 mm. i.d. 


C5 BUNGS in 7 colours 


55 STANDARD SIZES OR TO SPECIFICATION 


0 PIPETTE TEATS....... 


No. 1 @ 60/- per gross 
No. 2 @ 75/- per gross 


“©” TEST TUBE HOLDERS 


8 STANDARD SIZES. PRICE 16/- EACH 


Made in Great Britain by 


ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Products 


34/36 SOMERFORD GROVE - LONDON - N.I6 
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igh vacuum components 


High vacuum problems ? Talk to AEI. The 
range of METROVAC components, already proved 
in AEI systems, will help you build your vacuum 
systems. The AEI service is also complete. 
METROVAC specialists can give you advice of a 
general or specific kind on the installation and 
assembly of components to achieve the result 
you need. Here are a few examples of METROVAC 
components : 


ROTARY VACUUM PUMPS 


S.24 Rotary Vacuum Pump. Speed 2.1 litres/sec at 1.0 mm Hg. 


VACUUM GAUGES 
Type VG 14. Barometrically-compensated 
Absolute Pressure Gauge. 


DIFFUSION 


PUMPS 
A.022A Type. Speed up to 40 
litres/sec below 10°° torr. 
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METROVAC 


—a complete service 


VACUUM PLUMBING O . 


A comprehensive range of unions for use with 
BS 659 standard light gauge copper tube in 


gauges }" to 1}” bore. 
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‘PHONE OR WRITE TO YOUR AElI OFFICE 


Talk to AE/ about vacuum problems. Contact the nearest AE/ office from the list below, asking for 
the METROVAC engineer. Or write direct to the AE/ Instrumentation Division. 


Belfast 
19 Ormeau Avenue 
Tel: Belfast 32977 
Birmingham 
65 Smalibrook, Ringway, 5 
Tel: Midiand 6335 and 9551 
Bristol 
5 Queen Square, 1 
Tel: Bristol 292911 
Cambridge 
133 Fitzroy Street 
Tel: Cambridge 54370 
Cardiff 
Mervyn House, Frederick Street 
Tel: Cardiff 28511/4 
Edinburgh 
61a Queen Street, 2 
Tel: Caledonian 1158/9 
Glasgow 
74 Waterloo Street, C.2 
Tel: Glasgow City 2939 
Hull 
Seaton Buildings, Jameson St. 
Tel: Hull 26832 
ipswich 
28 Crown Street 
Tel: Ipswich 53941 


Leeds 
St. Paul's House, St. Paul's St., 1 
Tel: Leeds 20718 and 204445 
Leicester 
81 Charles Street 
Tel: Leicester 27909 
Liverpool 
18 Hepworth Chambers, 
Church Street, 1 
Tel: Royal 4391 
London 
33 Grosvenor Place, S.W.1. 
Tel: Belgravia 1234 
Manchester 
15 Quay Street, 3 
Tel: Blackfriars 2691 
and Ship Canal House, King St.,2 
Tel: Deansgate 5031 
Middlesbrough 
59/61 Albert Road 
Tel: Middlesbrough 2476 


Newcastle 
24 Northumberland Road, 
Newcastle upon Tyne, 1 
Tel: Newcastle 26060 


Mention the key word ‘Metrovac’ in your inquiries. 


Associated Electrical 
Scientific Apparatus Department 


TRAFFORD PARK, MANCHESTER 17 


Nottingham 
24 Stoney Street 
Tel: Nottingham 51431 


Preston 
14 Winckley Square, Lancs. 
Tel: Preston 4253 


Sheffield 
9 Market Place, 1 
Tel: Sheffield 23114 and 27848 


Stoke 
Stoke Rd., Stoke-on-Trent, Staffs 
Tel: Stoke-on-Trent 48639 


Swansea 
166 St. Helens Road, Giam. 
Tel: Swansea 56968 and 56950 


Wolverhampton 
27 Darlington Street 
Tel: Wolverhampton 25606 


Workington 
Westminster Bank Chambers, 
Oxford St. Tel: Workington 795 


industries Limited 
Instrumentation Division 


NP 101 
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The method of choice in 
most laboratories today 


MULTODISK 


Regd. Trade Mark 
Code No. 
11-15F 


Patent No. 
774155 


THE , 
‘"MULTODISK’ 
for Bacterial Sensitivity Tests 


@® ACCURATE REPRODUCIBLE RESULTS 

@ ASSURED STABILITY 

@® SAVES TIME, SPACE AND MONEY 

@ MANY STOCK COMBINATIONS AVAILABLE 


FURTHER INFORMATION FROM: The Oxoid Division of Oro Ltd., Thames House, Queen Street Place, London, E.C.4 
Telephone : Central 9781 


AN Ee LABORATORY PRODUCT 
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THERMAL 


PURE OXIDE REFRACTORIES 





all BRITISH | 


— 


‘| 


4: the BEST 
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Exciting new ranges of Thermal recrystallised alumina, magnesia» 
stabilised zirconia and thoria are now available. 


THERMALLY RECRYSTALLISED ALUMINA: Non-porous, for use in 
oxidizing or reducing atmospheres up to 1,750°C. High thermal conductivity, 
excellent electrical resistance, good resistance to chemical attack by fused 
oxides, metals and slags. 


THERMAL MAGNESIA: Dense, fine grained structure for improved 
resistance to molten metal attack, for use in oxidizing or reducing atmospheres 
up to 1,900°C. High thermal conductivity, excellent electrical resistance due to 
improved MgO content of 99 per cent 


THERMAL STABILISED ZIRCONIA: Low Porosity, for use up to 2,200°C 
Low volatility and low thermal conductivity at high temperatures. Outstanding 
resistance to attack by many metals and their alloys, and a large number of 
oxides and salts. Stabilised zirconia content 98 per cent 


THERMAL THORIA: Impervious, for use up to 2,600°C., with greater 
thermodynamic stability and lower volatility than any other oxide, crucibles can 
be used for melting almost al] metals and their alloys, particularly under vacuum 
ThO> content 99-9 per cent. 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND Tel: Wallsend 62-3242/3 
LONDON: 9 BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 
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NEW COULTER Mode! D gives 
routine Blood-cell Counting and 
Analysis an unequalled 
and reliability 


economy 








Optimum operating conditions for both 
red and white cell counts are determined 
by separate pre-set threshold controls, 
which, once set, can be selected by change- 
over switch. The complete instrument is 
contained in a single case with small aper- 


The Coulter Model D is an 
entirely new, compact, low-priced 
version of the now world-famous 
Coulter Blood Cell Counter and 
Cell Analyser. It utilises the same 


basic system. Blood cells, in a fluid sus- 
pension, pass through a small aperture 
simultaneously with an electric current. 
Passage of the cells introduces impedance 
changes which are amplified and counted 
at a rate in excess of 5,000 per second. 


COULTER ELECTRONICS LTD. >‘ “S*“® 


ture viewing microscope, and only the 
waste bottle is external. Simplicity and 
speed is such that even the most junior 
technician can deal with up to 60 sample 
counts per hour. 
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We use—and misuse—all kinds of our own 
equipment in our own laboratories. So when we 
_ design and manufacture for vou, we incorporate 
ideas and improvements that are fed back from a 
resident panel of keen critics whose only interest 
lies in getting the best equipment possible for the 
job in front of them. Here are a few of 

the items in which you reap the benefit of 

theiy ‘influence and experience. 

Stabilised Power Units 

These units are manufactured to tight 
specifications and offer an extensive range of 
stabilised outputs. They incorporate a number of 
additional facilities and are all designed for 
standard 19-in. racking or bench use. We'll be 
happy to send you our latest catalogue describing 
this equipment and giving all the essentia! facts 
about it for ordering. Make a note of these 
associated Siemens Ediswan products; we invite 
you to send for literature or fuller information 
about those that interest vou. 

‘Clix’ Radio and TV Components— 

Valve Holders, Plugs, Sockets, Screening Cans, etc: 
PTFE Insulated Instrument Wire— 

In 11 colours (and with trace). Conforms to 
Sections B & G of Specification 

EL. 1930 Ministry of Supply (Air). 


this space 


this is where you will be fitting your latest item 
of laboratory electrical equipment ; whatever goes here 
must be above suspicion. So when you come to fill 
this space, think in terms of Siemens Ediswan .. . 


Stabilised Power Unit Type R.1095 

Outputs: (1) Continuously variable highly 
stabilised D.C. output between 120 
and 250 volts. Load 0-50 mA. 

(2) Unstabilised centre tapped 6.3 volts 
A.C. supply at 3 amps. 

Stability : 10 volts mains change or 0-50 mA 
load change result in less than 
0.15V change of output which is 
effectively independent of mains 
frequency and waveform. 

Output Resistance: Less than 322 under all conditions. 

Ripple: Approximately 2mV R.M.S. with either 

positive or negative terminal earth. 


Low Frequency Oscillator Type R.2125 

For testing, calibrating and setting up amplifiers, 

vibration recorders, wave analysers and oscilloscopes. 

Frequency Range 1 ¢s—130 Kes. 

Frequency Accuracy: 2°, 

Output Sinusoidal. Balanced push-pull, 50 
volts p-p. maximum on open circuit. 

Attenuator: 5 x 20dB steps plus 0-20dB 
continuously variable. 

Output impedance 6002-0-6002. 

Bench or 19-in. rack mounting. 


LABORATORY ELECTRICAL EQUIPMENT 


Associated Electrical industries Ltd 
Radio and Electronic Components Division 


PD 17. 155 Charing Cross Road, London, W.C.2 
Tel: GERrard 9797 - Telegrams: Sieswan Westcent London 


17/16 
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JOHN MONCRIEFF LTD+ PERTH - SCOTLAND 
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TRANSIENT IMAGE BECOMES PERMANENT RECORD 





with the new S & P direct-writing 
OSCILLOGRAPH RECORDER 


PERFORMANCE DETAILS 
Permanent continuous or intermittent 
records can be made at frequencies from 
d.c. to frequencies in excess of 1,000 c.p.s. 
The system gives a well defined trace, at 
writing speeds above 12,000 in. per sec. 
Choice of 8 paper speeds, from 5 in. per 
min. to 150 in. per sec. 12 channels, but 
with 3 additional channels for time, 
event, datum reference lines, or for use 
as additional signal channels if desired. 
Matched amplifiers and power supply 
units can be supplied. 


APPLICATIONS 

Industrial, Scientific, Medical and Mili- 
tary ... Because a transient tube image 
is replaced by permanent records for 
analysis, this unit will have special value 
for many purposes in universities and 
A highly-advanced and technical colleges. Other applications 
versatile unit with the important te include: Stress analysis by electrical 
pone pred o~ en eae strain gauge techniques. Testing heavy 
pond pe ct pr nae electrical equipment. Records of electric 
6-in wide ultra-violet sensitive paper power supply characteristics. Labora- 
which requires no processing. tory process analysis. Missile and gun 
performance testing, and general tele- 
metery use. Cardio-vascular and respira- 
tory investigation. 


SAVAGE AND PARSONS LIMITED Please write now 


WATFORD : HERTFORDSHIRE - ENGLAND : Tel: WATFORD 26071 for details and Publication No. 33 0 





STATIC AND DYNAMIC STRAIN RECORDERS - RESISTANCE THERMOMETERS 
TGA PRIA/1 
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“THE BOTTOM 
DROPPED OUT OF 
MY BARGE!”’ 


This was the problem someone recently faced. When 
we heard about it we were sympathetic, for the barge 
in question was a houseboat, and most of the owner's 
worldly goods had vanished in the catastrophe. 

Many people would not think of looking to bac 
teriology for the answer. But if they did they would 
learn that members of the Desulphovibrio group, 
which are commonly present in soil and water, can 
corrode steel. 

These anaerobic organisms, first described in 
1895 by Beijerinck, are capable of reducing sulphates 
to sulphides. Their activities, often accompanied by 
the production of hydrogen sulphide, may result in 
the corrosion of buried iron pipes and the steel hulls 
of barges. 

By the use of Baar's or Starkey's media they are 
comparatively easy to isolate as crude cultures. 


Electron micrograph: 
desulphovibrio 
desulphuricers 





FOR PROGRESSIVE LABORATORIES CULTURE MEDIA 


The use of Oxoid Culture Media ensures constant uniformity and 
quality in your laboratory technique. Absolutely reliable, quick, 
convenient and economical, Oxoid Culture Media are available in 
tablet or granular form. if you would like the manual of all Oxoid 
preparations, write to: The OXOID Division of OXO Ltd., Thames 
House, Queen Street Place, London, E.C.4 (Central 9781). 
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MICROSCOPE GRATICULES 








MEASURING: COUNTING: SIZING 


ompreniensive brochure free on request 


JAMES SWIFT & SON LTD. 113-115 CAMBERWELL ROAD, LONDON, S.E.5 RODney 5441 


BEECROFT RANGE OF 


PVC PLASTIC BUNGS 


are being used in research departments 


EVERYWHERE 
\pyY write or phone for details and samples:- 


OFT & PARTNERS (METALLURGISTS) LTD. 
Rk MUFFOLK HOUSE, SUFFOLK ROAD, SHEFFIELD 2 
3 Lines) Telegrams RETORT Sheffield 2 
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for temperature control without a doubt. . . WEST 


Wy E S T ee tote 


LIMITED 
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At om > TRANSTAB 


REGO 


The biggest range of high-stability, 
fully transistorised low voltage 
supplies at new low prices. 


Transtabs replace batteries and accumulators 
in a wide variety of scientific instruments, 
particularly SPECTROPHOTOMETERS OF 
ALL MAKES, other photometric equipment, 
pH meters etc., in electronic equipment, in 
teaching and development laboratories. 

Please ask for Bulletin 60/6 for full information 
on fixed and variable voltage types or state 





your special requirement. 








JOYCE, LOEBL & co., LTD. PHONE LOW FELL 75225 


PRINCESWAY, TEAM VALLEY, GATESHEAD-ON-TYNE, 11 





MEET THE FAMILY 


The Hearson general purpose water-bath has a stainless 
steel liner giving an unobstructed working space 
18” x12” x74” deep. The new hydraulic thermostat 
working in conjunction with mat type heaters 
ensures accuracy within + 0-5°C up to 100°C. 

A full range of extra accessories include gabled 
cover, cooling coil and racks to hold 36 
tubes 3” x 4”. Write today for leaflets 
describing this bath and other 
temperature controlled equipment. 








Water Bath £29.10s. Gabled Cover £5. 10s. Racks £2. each 


Charles Hearson & Co. Ltd. 


WILLOW WALK, BERMONDSEY, S.E.1 
Telephone: Bermondsey 4494 
Specialists in laboratory apparatus since 1883 
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tradition filters through 








Whatman Filter Papers become a tradition during schooldays 

that follows a chemist through his entire working life. 

The reason lies in tradition of a different kind —a tradition of manufacture. 

For almost 200 years Whatman has been a leading name in 

paper making history. In one of today’s most modern mills 

critical attention is given to the quality of raw materials, 

production control is in the hands of men 

who have a craftsman’s flair and a chemist’s ‘scientific’ brain. 

This tradition of setting and maintaining consistently high standards 

at every stage of manufacture gives every 

Whatman grade a guaranteed dependability. 

It helps to explain why Whatman Filter Papers 

are known, respected and used 

routinely in at least 80 countries. The range of Whatman Filter 
Papers is discussed in the 
‘Filtration Section’ of the 
Whatman catalogue. Please 


H. REEVE ANGEL & CO LTD write for a copy of this 
Gt. Britain 9 Bridewell Place London EC4 monograph and of the 
U.S.A. 9 Bridewell Place Clifton New Jersey Whatman ‘Buyers’ Guide.’ 


Sole distributors of 


WHATMAN FILTER PAPERS 


Manufacturers W. & R. Balston Ltd 
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‘Water de-ionised to 
HIGHER ionic purity with... 


Gee’ 


lon exchange water de-ionisers’ 


PORTABLE — LOW COST 
A SIZE FOR EVERY NEED 


DEEMINIZER “onc: § 


In use throughout the world as laboratory 
standard. Capacity up to 5 gallons per hour. 
Complete with direct reading electric 
quality check meter. Reservoir supplies 
processed water for instant use. Gravity 
flow ensures consistant quality. Meter 
wound for 220 v. 50 cycle supply. 


TT DEEM-A-JETvoo= 128 


») The world’s lowest cost high capacity 
de-ioniser. Connected directly to 
water main and operated by water 
pressure. Multi jet feed. De-ionises 
tap water fast - capacity up to 
two gallons per minute - 120 gallons 

Many types available for rolling porcelain or per hour. Use it for immediate 
metal containers from 5-gallon to 1-pint nom- volume needs or intermittently as 
inal capacities ; \\ required. 
The mill illustrated is an extremely useful 
unit for any laboratory dealing with many jobs 
at the same time on one or more materials of 
varying quantity or time of processing. Arranged 
with three pairs of rubber bonded rolls in three 


DEEMINAG “ors = 


tiers each driven by a separate motor allowing al! 
three or one or two to be operated. Each tier takes 
either two 1-gallon or three 4-galion or four 2-pint or 
five 1-pint pots. Combinations of these sizes can be 
operated simultaneously 


PASCALL 


Write or telephone Crawley 25166 for List BM2507 


THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD - CRAWLEY - SUSSEX 





Complete with metal stand, receiver and 
cover. 

Fill quart bottle with tap water and invert on 
holding stand as shown. Operates 
unattended. Gravity flow - 2 to 3 quarts per 
hour - ensures consistent quality. 


AVAILABLE THROUGH 


LABORATORY SUPPLY DEALERS THROUGHOUT 
THE WORLD 


OR DIRECTLY FROM 


CRYSTALAB LIMITED 


DELL HOUSE LABORATORY, CHALFONT ST. GILES 
BUCKINGHAMSHIRE 


ATRL AE OLIVE ELIE ESS IDLE LIES A ER BOE SS 
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=| CONSTANT 
a LOAD 
WEIGHING 
: BY 


SUBSTITUTION 


As an alternative to the applied-ioad system of weighing, 






















Stanton now offers the Unimatic single-pan balances 
constructed on the constant-load principle of weighing 
by substitution. The compact, sturdy aluminium case 
enclosing the instrument is finished in green and black 
hammertone. Width 13”, depth 16”, height 20)”, weight 
32 Ib. With the introduction of the Unimatic series, the 
Stanton range of precision balances now provides 


an unrivalled choice to meet every requirement 


UNIMATIC Balances maintain their accuracy over the whole weighing 
range being designed on the now well known 


principle of weighing by substitution 


UNIMATIC Balances are simple to use—-even an 
inexperienced operator can learn how 


afew minutes 


UNIMATIC Balances are safe in use—their non-magnetic stainiess steel 
weights are adjusted to within the new N.P.L 
tolerances for analytical weights (errors less than 
1 in 200,000). They are well protected withir, the 
balance case and their accuracy Cannot vary 


TRADE MARK UNIMATIC Balances are fast—very fast in use. Their 
controls are conveniently positioned 
at bench level. Time and Motion study 
experts have approved this design 
which results in less fatigue and more 


weighings in less time—in fact less than 
30 seconds for the weighing of an unknown object 
STANTON UNIMATIC BALANCES 
Write ¢ é 
STANTON. INSTRUMENTS LTD. 119 Oxford Street, London, W.1. 
Telephon?: Gerrard 7533 Cables: Stanbai London 
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CAR 


LYLE 


LABORATORY CONDITIONERS 


| ~~ 


give you ‘PRECISION CONTROL’ of temperature and humidity 


for laboratory work—will ensure year round control of 
temperature and humidity to within +1°F and +1} 
R.H. The Carlyle Unit is the result of years of specialised 
experience in all phases of atmosphere control involving 
application of air conditioning and refrigeration to 
industrial plants and processes. 


No une knows better than you that varying air tem- 
peratures and humidity can affect the properties of 
materials, and the accuracy of instruments and experi- 
mental results. These problems can be overcome by the 
installation of a Carlyle Laboratory Air Conditioner. 
This completely self-contained unit—specially designed 


Capacities from 29,000 to 80,000 Btu/hr 
Larger capacities are also available on special order. 
We shall be glad to co-operate with organisations in 
recommending the unit most suitable for their purpose. 


GARLYLE AIR CONDITIONING & REFRIGERATION 


London S.W.1 


1 King Street, St. James's, 
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EDITORIAL 


Painless 
Extraction 


OME time ago we urged that the 

metric system and a decimal system 
for currency should be adopted in this 
country. Although reactionary elements have empha- 
sized the cost of such a change, estimated at hundreds 
of millions sterling, there has recently been a marked 
revival of interest in the proposal. It is probably fair to 
say that today virtually all those who are familiar with 
both systems ultimately come to prefer the metric. The 
only advantage that can be claimed for the duodecima! 
part of our system is that 12 is divisible by 2, 3, 4 and 6, 
whereas 10 is divisible only by 2 and 5. However, a 
few school-boy problems involving complications in 
weights and measures will generally convert the most 
die-hard reactionary. 

If it be conceded that a change should be made, the 
only question is then how best to make the change. 
Opponents have emphasized the chaos that would 
arise from starting the new system on a given date. 
We question whether it is necessary to bring about the 
change suddenly, and suggest that in many activities 
the change-over could be introduced over a period of 
years. The basis of our contention is as follows. 


All persons have received the benefits of compulsory 
education and all, at any rate below the age of 65, are 
familiar with the general principles of the decimal 
system and have an elementary notion of metres, 
kilograms and litres. Many things are already discussed 
in terms of the metric system. The R.A.C. rating for 
motor car engines is now replaced by the size in litres, 
and all international sports and other activities such 
as the Olympic Games are organized on the basis of 
the metric system. Pharmacy now uses the metric 
system and medical workers are accustomed to it. 
British engineers are surprisingly adamant in their love 
for B.Th.U.’s and ‘thous’, but it is high time that all 
engineers and other technologists abandoned the 
ancient British systems and adopted the metric, for the 
same reason that we have abandoned the horse and 
cart and wooden ships. 

We suggest that the British public could first be 
educated on the subject in the press, and on radio and 
television, and certain commercial transactions pro- 
gressively put on a metric basis. Much confusion 
would arise if loose goods were suddenly sold on a 
kilogram basis, but there should be no trouble if 
packaged goods were altered in this way. The public 
would pay a slightly higher price for a quarter or 
half-kilogram than for a half or one pound, and no 
calculation would be necessary. Measurement of 
lengths of cloth and areas of materials and land should 
present no difficulty. New tape measures would not be 
a great expense. Once the public became accustomed 
to think in terms of kilograms and metres, an under- 
standing of litres would not be difficult. Petrol and 
other loose liquids could easily be sold in litres, and 
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scales for weighing solid goods could be fitted with 
new indicator strips. 

Certain methods of selling would admittedly be 
difficult to adjust. Sales of liquids such as milk and 
beer, where the container defines the quantity sold, 
would clearly need special care and be somewhat 
costly, but overall the benefits of a universal metric 
and decimal system would easily justify all the trouble 
and expense. The importance of such a change in 
relation to the Common Market and export business, 
and even to world travel, needs no emphasis 

The decimalization of the coinage would obviously 
require a ‘surgeon's knife’ type of operation, but even 
here some preparatory work could be done. The half 
crown could be withdrawn with obvious benefits from 
this step alone. It has always been unnecessary. The 
ten shilling note could be given a specific name and the 
pound note gradually withdrawn. As it is, the fall in 
the value of money is making the five pound note of 
greater usefulness, and a note system based on £5 and 
its tenth part would be both logical and convenient 
Here again withdrawal of the £1 note would eliminate 
the confusion that can arise through the similarity of 
the £1 and £5 notes. How Treasury officials, supposedly 
our most intelligent civil servants, can perpetrate such 
stupidities is a mystery that presumably will never be 
solved. Even a failed |1-plus child would not design 
two different currency notes to be so alike. The two 
notes should be markedly different in colour and design 
and reasonably different in size. 

There are obviously many other ways in which the 
metric and decimal systems can be gradually introduced, 
and it should not be too difficult to get the whole 
population ‘decimal minded’. In the past we have spent 
a lot of money and time on much less worth while 
things. As often happens, there is a general resistance 
to any new idea and later, after a ‘softening-up’ period, 
the new system is accepted quietly and without fuss 


Foreign Members of the Royal Society 


At a recent meeting of the Royal Society the following 
were elected Foreign Members of the Society: 

Holtedahl, Prof. Olaf.—Professor Emeritus of Geology in 
the University of Oslo and Member of the Norwegian 
Academy of Sciences, Oslo. Distinguished for his outstanding 
contributions to geology, particularly of Norway and the 
Arctic Regions. 

Lefschetz, Prof. Solomon.—Henry B. Fine, Professor 
Emeritus of Mathematics in Princeton University, Princeton, 
N.J., U.S.A. Distinguished for his work in the fields of 
algebraic geometry and topology. 

McCollum, Prof. Elmer Verner.—Professor Emeritus of 
Biochemistry in Johns Hopkins University, Baltimore, Md., 
U.S.A. Distinguished for his services to the science of 
nutrition. 

Nesmeyanov, Academician Aleksandr Nikolaevich 
President of the Academy of Sciences of the U.S.S.R.., 
Moscow. Distinguished for his contributions to organic 
chemistry, particularly on organo-metallic compounds 
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ORIGINAL CONTRIBUTION 


INTERFEROMETRY AS AN AID TO STUDYING 
COAL SECTIONS 


by Professor S. Tolansky, D.Sc., F.R.S. 


Royal Holloway College, University of London 


It is shown how coal samples which have been polished by routine methods for 

microscopic examination can be studied by means of two-beam interferometry. 

Such an approach offers in a simple manner useful new information about the 

banded structure of coal. Notable differences appear between the interfero- 
grams of soft coal and anthracite. 


OME nine years ago (Tolansky, 1952) attention was 
drawn to the possibility of using interferometric 
methods to help in the study of polished coal sections 
The proposal does not appear to have attracted much 
attention so that, with the intention of arousing new 
interest in this field, a brief report is now given of some 
new observations which indicate the type of information 
offered by such an approach. In illustration two-beam 
interferograms given by six different varieties of coal 
are shown here and very briefly discussed. The object 
is not to describe the specific characteristics of the 
particular coals, but to illustrate the usefulness of the 
technique in general 
The small coal blocks which were available, of size 
each about a cubic inch, had been prepared for 
standard normal microscope examination some years 
ago at one of the laboratories of the National € oal 
Board. A standardized polishing technique had been 
used, a technique worked out for friable coals 
The blocks had first been ground on a metal 
lap using Carborundum F-powder and then 
rubbed on a glass plate with Carborundum 
No. 600 powder. Polishing was then continued 
on a machine with a velvet cushion charged 
with Microid 3/50 polishing powder and 
finally finished off by hand on chamois leather 
charged with polishing alumina, all of the 
processes being wet 
The six coal samples were 
Shire Oaks, Clowne, Bright 
Monk Bretton, Meltonfield, Bright 
Cannock Wood, Shallow, Bright 
Hought Main, Parkgate, Bright. 
Hickleton, Barnsley, Banded 
F. Anthracite, Welsh. 
The interferometric procedure adopted was 
of the simplest. A Vickers type inverted 
metallurgical microscope was used as it was 
then only necessary to prepare a single face of 
the specimen. Illumination was from a cooled 
mercury-vapour lamp, using a green filter. All 
the fringes shown were taken then with wave- 
length 5460 A. Excellent interferograms were 
obtained merely by placing the polished coal 
on a sheet of selected glass. As with all 
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interferometry, care must be taken to illuminate at 
Strictly normal incidence with parallel light, by having 
a small aperture at the focus of a good lens and arrang- 
ing normal incidence to be checked by auto-collimation, 
which should be a standard procedure. All the inter- 
ferograms shown here were taken with low power 
lenses and all are at linear magnification 20 


Observations 

Specimen A (Fig. |).—This interferogram shows quite 
clearly that the surface has on it a number of bands, 
varying from say } to 3 mm. in width (taking account 
of the 20 magnification in the print). The fringes 
show that the surface has some resemblance to the 
surface topography characteristic of say corrugated iron 
sheeting. However it is clear from the interferogram 
that the tops of the corrugations are relatively flat, 
smooth and uniform. They have also a reasonably good 
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specular reflectivity. The troughs between the 
crests are some 24 microns in depth, are fairly 
narrow and have steeply falling sides. Pieces 
are missing in various regions and it is notable 
that these holes, of depth perhaps 8 microns 
or so, have the shapes of elongated strips 
lying in a direction more or less perpendicular 
to the direction of the large scale corrugations. 

In several regions distinctive height dis- 
continuities can be identified, rather resemb- 
ling the familiar discontinuous steps shown 
by those crystals which cleave regularly. 

Specimen B (Figs. 2 and 3).—This sample 
also reveals a banded structure but here it is 
clearly seen that the long main corrugations 
are crossed at about right angles by a well 
marked secondary waviness which is on a 
much smaller scale. These two illustrations 
are from different regions but show close 
similarities. 

The sample in Fig. 3 shows several features 
of interest. Isolated by cracks, the central 
(near-square) region exhibits fringes which 
indicate that this crack-bounded section is 
smooth, slightly cylindrical, yet also cor- 
rugated on rather a broad scale, such that the whole 
piece essentially encloses a single corrugation. Yet 
noticeable here, as in Fig. 2, are the small scale 
secondary corrugations crossing at right angles to the 
main feature. These secondary features are some half a 
millimetre wide and usually only about quarter of a 
micron in depth. It will be noted that outside of the 
central block the surface tilts away rapidly, yet still 
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Fig. 2 (/eft) 


Fig. 3 (below) 






maintains the double-banded character 


Specimen C (Fig. 4).—In this sample we have a 
surface which hardly shows any fringes at all. The 
inference is that only over small fractions of the surface 
area (that where fringes appear) is there any approach 
to true specular reflectivity. For it is a matter of 
experience that a matt surface does not show inter- 


ference fringes. Fringes only appear where there is 
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specular reflectivity, because the scatter from matt 
surfaces destroys the necessary phase relation con- 
dition needed for interference. 

Thus the very poor character of the fringe pattern 
here offers positive information that the specimen is not 
accepting a specular polish. This in itself is useful 
information. 

Even so, in the few regions where fringes are dis- 
cernible, albeit of poor visibility, topographic materia! 
of interest can be extracted. There is for instance a 
rectangular ‘cleaved’ section between roughly recti- 
linear crack-boundaries and within this small region the 
fringe pattern shows (a) that reflectivity in this block is 
specular, (5) there exists a secondary discontinuous 
cleavage within this small block, as witnessed by an 
abrupt change in fringe orientation near one corner. 
Thus even the very absence of a fringe pattern gives 
useful information. 

Specimen D (Fig. 5).—This sample reveals a vivid 
interference pattern which at first sight resembles that 
in Fig. | yet a closer examination reveals several 
differences. In Fig. | there are banded regions which are 
essentially corrugations with the character of broad, 
flattened, ridges, flanked by narrow steep-sided valleys 
Here on the contrary we have banded regions which are 

nearly at the same level. As it is easy, by several 
independent methods, to determine which is up and 
which down, it can be shown that the narrow band 
regions are in fact standing up, slightly proud. Thus we 
have here regions of markedly different specular 
reflectivity, with the non-specular bands being slightly 
elevated 
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The conclusions are obvious. In Fig. | the narrow 
bands are probably softer regions than the surround 
and have been preferentially abraded away during the 
polishing process, leaving deep valleys. In Fig. 5 on the 
other hand the narrow bands are slightly harder regions 
than the main surround and polishing has both left the 
region standing proud and also failed to produce a 
specular finish. 

Specimen E (Fig. 6).—Described as a ‘banded’ coal, 
this specimen has a very rough surface structure com- 
pared with the previous sample. Yet even here two sets 
of roughly perpendicular corrugated patterrs are 
apparent. 

Specimen F (Figs. 7 and 8).—The interferograms of 
Figs. 7 and 8 were given by two different pieces of 
polished Welsh anthracite. It is quite evident that the 
surface character on both is totally different from that 
of the soft coals. Indeed the finish and polish taken are 
such that the surface structure is not very different 
from that of crudely polished glass. Thus the excellence 
of the fringe contrast indicates that the surface reflec- 
tivity closely approximates to that of glass, for of course 
maximum visibility occurs when the two surfaces in- 
volved in interference have identical reflecting co- 
efficients. There is no evidence at all of the existence of 
any major banding effect although secondary bands of 
quite minor amplitude are clearly discernible The 
surface finish is exceptionally good, local polish mark 
wriggles and defects being little more than one- 
twentieth part of a micron. Whereas all the soft coals 
show local deep holes in which a good depth of material 
is absent, this is not so on the anthracite surface which 
is as compact as that of a glass or a typical metal. 

While it will be agreed that there is reasonable 
similarity between the interferograms of the soft coals, 
so different are the two anthracite surface patterns that 
it is quite impossible ever to mistake one type for the 
other 


Conclusion 
The purpose of this paper is to show that by very 
simple means coal specimens prepared for microscopic 
examination can readily be studied with two-beam 
interferometry and that this offers much additional 
information with very little effort. It will clearly be 
worth while examining prepared surfaces both parallel 
and perpendicular to ‘the level of layering. Anthracite 
can cleave with a clean and shiny enough finish to 
permit of study of the cleavage regions directly without 
any polishing and by this means fracture behaviour 
can be studied 

In both Figs. 7 and 8 the crowding in of fringes near 
the specimen edge is merely evidence that during 
polishing preparation the edge has rounded off, a 
fairly normal effect. Notable in Fig. 8 are the occasional 
sharp discontinuities bounded by crack lines 
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ARTICLES 


THERMOGRAVIMETRIC ANALYSIS 


by G. M. Lukaszewski, Ph.D., and J. P. Redfern, Ph.D., A.R.LC. 
Battersea College of Technolog) 
PART I—INTRODUCTION 


The purpose of this series of articles is to present thermal analysis, in 

particular thermogravimetric analysis, as a technique which can be used to 

advantage in various fields of chemistry either alone or in conjunction with 
other methods. 


Historical Introduction 

Gravimetric analysis is one of the oldest operations in 
analytical chemistry, being involved in practically all 
quantitative operations. Whilst the results obtained 
may be used for purely analytical purposes, it is 
possible to extend them so that they may provide other 
information. Normally the operation concerned with 
the determination of mass is carried out at room 
temperature even if the substance under consideration 
has previously been heated. Sometimes information is 
required on the phase changes involved when certain 
materials are heated in air. It is then the practice to 
express the results as ‘heating’ or ‘pyrolysis’ curves 
showing the weight loss (or gain) of the material at 
various temperatures. If the material is studied by any 
discontinuous method (i.e. by heating to a known 
temperature, cooling and weighing, with subsequent 
repetition of the cycle for a higher temperature), it is 
most tedious to perform and suffers from a number of 
disadvantages : 

(i) The possible reversibility of the process, due to the 
uptake of atmospheric moisture on cooling. 

(ii) The likelihood that any reaction, once initiated 
at a particular temperature, would not cease immediately 
on cooling the sample, so that the weight recorded 
would not be a true measure of the weight at the 
temperature for which data was required. 

(iii) The detail of such curves would depend upon the 
range of temperature over which the material was 
heated, and upon the number of samples examined (or 
the number of times the cycle was repeated). In order 
to gain maximum information the number of samples 
examined should be very large and, ideally, approach 
infinity. 

Attempts have been made to simplify these methods 
for determining the pyrolysis curves of various com- 
pounds. Thus methods which involve continuous 
heating of the material coupled with a means of 
simultaneous measurement of mass and temperature 
have been developed by a number of workers. Such 
combinations which comprise a furnace used in con- 
junction with a balance (generally termed a thermo- 
balance) introduce certain practical difficulties. These 
problems and the ways in which they can be overcome 
are outlined later 
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Full reviews of the development of thermogravimetry 
and of the thermobalance have been given by Vigneron 
(1949) and by Duval (1953). The term thermobalance 
appears to have been introduced by Honda in 1915. 
The work of Guichard and his school from 1925 
onwards and the introduction of automatic recording 
instruments by Chevenard and his co-workers in 1944 
opened up the field of thermogravimetric analysis 
Duval and his co-workers used a modification of the 
Chevenard balance for the study of some 1,200 in- 
organic gravimetric precipitates. Various Japanese 
workers used a modification of the Honda thermo- 
balance in work involving controlled atmospheres (see 
e.g. Noshida, 1927). 

It is possible to obtain valuable semi-quantitative 
results from simple apparatus; thus in 1951 Burriel- 
Marti and Goyanes recommended the use of a ‘rapid’ 
apparatus which comprised an ordinary, suitably 
modified, semi-micro balance in conjunction with a 
furnace. This suffered from the disadvantages of 
subjecting the knife-edges and planes of the balance to 
heavy wear due to continuous contact. Wilson (1959) 
has described a simple torsion balance with an ordinary 
furnace which has proved useful in the teaching of the 
principles of thermogravimetry. 

Various commercial instruments are available which 
are both elaborate and expensive but yield accurate 
results. Automatic weight loading and the simultaneous 
recording of changes of both temperature and weight 
are often used in commercially available thermo- 
balances. Provision is sometimes made for the interrup- 
tion of the pre-set programme of heating. Thus, where 
it is to be expected that the weight of the sample will 
remain constant for a wide temperature range, it is 
possible to save time by increasing the rate of heating 
for a period, and to return to the original rate when a 
change in mass is expected. Such provisions greatly 
extend the scope of the instrument 


Requirements for a Thermobalance 

In order that the maximum benefit may be derived from 
investigations in this field the instrument used must 
possess certain features. It is not the purpose of this 
article to discuss the relative merits of individual 
thermobalances but to suggest a series of criteria which 
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Plate I. By courtesy of Stanton Instruments Ltd. 


can be applied in considering any single instrument 
Some factors which have to be considered are: 


(i) That the thermobalance should be capable of 


registering the weight-loss (or gain) of the material 
studied as a function of both time and temperature. 

(ii) That the thermobalance furnace should have a 
wide range of operation, e.g. from room temperature 
up to 1,500°C. 

(iii) That the weight loss and temperature should be 
recorded with accuracy, usually better than 0-01 per 
cent in the former case and within 1° in the latter 
case. 

(iv) That physical effects due to the normal function- 
ing of the apparatus do not upset the accuracy of the 
balance, ¢.g. the radiation and convection currents, and 
the magnetic effects due to the winding of the furnace 
should be negligible. Also that the latter do not interact 
with any conducting or magnetic materials that may be 
studied. 

(v) That the position of the crucible within the 
furnace of the thermobalance is always the same, so that 
the temperature recorded corresponds to the tempera- 
ture of the material. 

(vi) That the furnace may be equipped to allow for the 
heating of materials in various atmospheres. 
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(vii) That the instrument is as versatile as possible 
providing for variation in the rate of heating together 
with automatic control of the programme. 

(viii) That the balance is adequately protected (a) 
from the furnace, and (4) so that the wear of the knife 
edges and other moving parts is reduced to a minimum 
and accuracy of weighing is assured. 

(ix) That the thermobalance can be periodically 
checked to ensure accuracy of operation 

(x) That the chart used to record weight loss and 
temperature rise can be run at various speeds and that 
there is provision for accurate recording of a suitable 
time interval 

Not every instrument can possess all these features 


Plate | shows one of the commercially available 
thermobalances which incorporates many of these 
features and, in addition, is available in several 
modifications 

Principles of Thermogravimetry 

With a thermobalance incorporating the features 


discussed above, the thermal decomposition of materials 
is found to depend primarily on the rate of heating. It is 
important to note that certain physical factors can 
affect the temperature of decomposition quite markedly 

(i) The amount of the sample being used 

(ii) The particle size of the material 

(iii) The packing of the material 

(iv) The size and form of the crucible 

contain the sample 
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Fig. 1. Ideal pyrolysis curve dehydration of CuSO, 5H,O. 
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that the final staves of decomposition are not too slow. 
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Fig. 2. The normal pyrolysis curves. Thermogravimetric 
curves obtained in practice for («) calcium oxalate dehydrate, 
(>) ammonium sulphate. 


(v) The actual atmosphere surrounding the sample 
including the influence of convection currents 
These factors are very important especially if the 
investigation is concerned with kinetic measurements or 
the study of reactions in the solid state. In a series of 
investigations it is advisable to keep constant as many 
of the factors as possible and to retain a record of the 
conditions used, as these may be of considerable value 
in the interpretation of results. 


Pyrolysis curves of a substance depend on: 

(a) Nature of the material 

(b) Rate of heating. 

(c) The speed at which decomposition is recorded 
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Fig. 3 (/eft). The effect of heating rate: (a) rapid, (b) slow. 

Fig. 4 (right). The formation of intermediates: (a) fast heating 

rate, (b) slow heating rate, (c) slow heating rate and recording 
rate. 
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Fig. 5. The influence of chart speed upon the shape of the 
thermogravimetric curve. Curve I, slow chart speed. Curve II, 
fast chart speed. 


471 


which is independent of ¢. (see Fig. 6). The limitations 
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Fig. 6. The resolution factor ideally = 45°. 


(a) is the subject of the investigation and will not be 
discussed here. 


(6) The rate of heating.—in general, except in the 


ideal case (Fig. 1), pyrolysis curves seldom undergo 
sharp changes of direction. The more usual curve is 
rounded and possesses a sigmoid appearance (Fig. 2). 
The rate of heating may often markedly alter the shape 
of the curve obtained. Thus with a material that under- 
goes a fast irreversible reaction the heating rate will have 
little effect upon the recorded pyrolysis curve. For a 


Weight loss per unit time interval 





slow irreversible process the extent of decomposition 
at a given temperature depends upon the time of 
heating. The pyrolysis curve may show different types 
of behaviour when the rate of heating is rapid as 
compared to that when it is slow (Fig. 3); with the 
former inflections of the curve corresponding to real 
changes in the composition may readily be missed. The 
final assessment of a curve should therefore be based on 
a slow rate of heating when appreciable changes in 
composition are occurring and a faster rate when no 
significant changes in weight are taking place; (this 
implies that to gain full information on a material 
several runs, using different rates of heating, should be 
carried out). It has proved possible sometimes to 
isolate and to confirm by analysis and other methods 
the formation of intermediate compounds initially 
indicated by a slight inflection of the pyrolysis curve at a 
particular temperature (Fig. 4). It must be remembered 
that the temperature is constantly changing, whilst 
under static conditions of study the material is brought 
to a specified temperature and so maintained for a 
period of time. Attention should be paid to the recorded 
rate of change of temperature at a time when an 
inflection in the pyrolysis curve is observed, because 
this may be caused by a sudden variation in the rate of 
heating, and hence be false. 

The provision for interrupting the programme of a 
uniform temperature rise and continuing the heating 
at a steady fixed temperature is a useful asset, especially 
where slow processes are involved. This technique, 
termed quasi-static, offers a superior route to the 
resolution of thermal decomposition curves of high 
complexity. The quasi-static method furnishes pyrolysis 
curves which are, in general, steeper than their ‘dynamic’ 
counterparts. For decomposition of pure materials the 
shape of the curve is often not important, the extent of 
the loss being all that is required. The recorded loss will 
not differ appreciably from the true value, provided 





Temperature ——» 


Fig. 7. D.T.G. curve extracted from normal thermogramme. (a) and (c) well-defined stages with fast change and loss, (5) inflexion, 
(d) plateau, (e) slow stage, ( / ) two stage loss. 
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that the final stages of decomposition are not too slow. 
In some cases it is difficult to ascertain when the reaction 
is complete because loss occurs progressively with 
increasing temperature at rates which are persistently 
very slow, (i.e. loss is asymptotic with time or tempera- 
ture). This difficulty can sometimes be avoided by 
altering the programme. 

(c) Recording or chart speed.—Recording speed affects 
th: resolution of successive steps in a thermal de- 
composition. In the recording of either fast or slow 
processes th: recording speed of the instrument can 
have a profound effect upon the shape of the curve 
obtained. Fig. Sa shows the flattening produced in the 
curve for a slow process by increasing the chart speed. 
In Fig. 5b a slow process (i) is followed by a faster 
process (ii) recorded with a fast chart speed (Curve 2). 
Curve | represents the same sequence recorded with a 
slow chart speed in which it may be seen that the curve 
now fails to resolve clearly the two steps of the de- 
composition. Fig. Sc depicts a fast process (i) followed 
by a slow process (ii). Curve 2 represents the results 
recorded with a fast chart speed whilst Curve | 
represents the same sequence recorded with a slow 
chart speed. Again, the effect of a fast chart speed is to 
improve the resolution. It is useful to define a factor 
R, the resolution factor, as follows: For a recording 
chart speed of | cm./minute and a weight loss at time f 
represented on the chart by dw cm./minute. The shape 
of the slope at time ¢ depends on both chart speed and 

dw 
Tan « — 


the weight scale g. per cm. Thus R 
dl 


Meldola Medal Award, 1960 


The Meldola Medal for 1960 has been awarded to John 
Newton Bradley, for his work in the field of physical 
chemistry, with special reference to the kinetics of reactions 
involving free radicals and reactions in shock waves studied 
by mass spectrometry. 

J. N. Bradley was educated at Humbersone Foundation 
School, Cleethorpes, and at Birmingham University where 
he was ‘awarded First Class Honours in the B.Sc. Chemistry 

and was winner of the Frankland Prize in 1952. From 
1952 to 1955 he carried out research under the supervision 
of Sir Harry Melville and Prof. J. C. Robb on the reactions 
of simple alky] radicals in the gas phase. During this period 
he was successively Priestley Scholar (1952-1954) and 
University Research Scholar (1954-1955). He received the 
Ph.D. degree in 1955 and entered the Royal Air Force in the 
Genera! Duties (Pilot) Branch with the rank of Pilot Officer. 
He completed advanced flying training in 1957, receiving the 
Flying Trophy and Ground Schoo! Trophy for his course. 
During the remainder of his commitment, he served with No. 
99 squadron, R.A.F. Lyneham, with the rank of Flying 
Officer. In August 1957 he was awarded a Commonwealth 
Fund Fellowship, tenable at Harvard University, and worked 
there with Prof. G. B. Kistiakowsky until June 1959. At this 
time he was appointed Lecturer in Inorganic and Physical 
Chemistry in the University of Liverpool. 

Dr. Bradley has studied the reactions of simple alkyl 
radicals by the molybdenum oxide diffusion technique and by 
mass spectrometry. In addition to establishing rate constants 
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which is independent of f. (see Fig. 6). The limitations 
on R are the chart speed and the weight scale, a value 
of « around 45° or dw/di = | being desirable for the 
mid-point of a reaction. 

It should be said that an excessive chart speed would 
tend to smear out differing rates of weight-loss. In fact 
a chart speed of some 6-12 inches; hour for a temperature 
rise of from 1-6" per minute is adequate for most pur- 
poses. 

The form of pyrolysis curves are thus very dependent 
on both the rate of heating and on the recording 
technique. It is advisable to carry out a numter of runs 
in which these factors are altered so that maximum 
information is obtained. In presenting results all the 
relevant data should be recorded. Results for thermo- 
gravimetric studies may be expressed in several ways, 
e.g. weight-loss with temperature, or weight-loss with 
time. It is sometimes useful to express the results in the 
form of a plot of the rate of weight-change per unit 
time against the temperature (Fig. 7). Such plots may 
readily be extracted from the standard thermogravi- 
metric record providing it has a time base. 

The next article in the series will be concerned with 
the applications thermogravimetric analysis. 
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for various reactions, he demonstrated the dependence of the 
relative rates on the presence of ‘hot’ (energy-rich) radicals. 

At Harvard University he became interested in reactions 
in shock waves and, with Prof. Kistiakowsky, he developed 
a time-of-flight mass spectrometer which would analyse the 
gas behind the reflected shock wave while reaction was 
proceeding. He studied the kinetics of nitrous oxide de- 
composition and was able to observe the build-up of oxygen 
atoms prior to the establishment of a steady state. 

This was followed by a study of the pyrolysis and oxidation 
of acetylene. Polymeric species were detected in both cases, 
although different in nature and in mode of formation. 
Several of the primary processes occurring were resolved by 
this work. 

Dr. Bradley has also investigated the thermal decomposi- 
tion of nitroparaffins in the gas phase and some of the 
reactions of methylene in the liquid phase. 

Current research interests include the emission from shock- 
heated gases, the mechanism of thermal ionization in shock 
waves by mass-spectrometry, the combination of flash 
photolysis and shock tube techniques, the latter being used 
for ultra-rapid flow generation, and the development of a 
modified ‘chemical’ shock tube with improved time resolu- 
tion, subsequent analysis being based on vapour phase 
chromatography. Both theoretical and experimental! work is 
continuing on the reactions of free radicals at normal 
temperatures. 
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VARIATIONS AND ERRORS IN EXPERIMENTAL 
INVESTIGATIONS 
by S. Lewin, M.Sc., Ph.D. 
Physical Biochemistry Research School South-West Essex Technical College, Walthamstow, E.17 
PART IV—LIMITATIONS OF CHEMICAL TOOLS AND TECHNIQUES 


GIVEN chemical problem may be investigated by 
means of different tools and techniques. Such 
physico-chemical tools are concerned with definite 
fields. Theoretically they are limited by certain con- 
siderations; practically they are controlled by original 
design and by experimental limitation. Each of the tools 
used has its advantages as well as strict limitations. 
The limitations on each tool impose in turn a limitation 
on the interpretation of the results, and it is desirable 
to examine critically the individual limitations of each 
tool and associated methods in order to assess the 
suitability of a particular technique for a given inves- 
tigation. The number of physico-chemical tools 
available is now considerable, e.g. electrometric 
measurements (such as e.m.f., polarography, conduc- 
tivity and pH determinations) optical measurements 
involving absorption spectra, birefringence, light 
scattering and refractive index determination; paper 
chromatography, low and high voltage paper electro- 
phoresis and zone electrophoresis; vapour phase 
chromatography and automatic methods including 
electronic recording. 

The limitations of a technique are determined by 
the inherent limitations of the approach, equipment 
used, and by the experimental conditions themselves. 
They vary from one technique or tool to another. It is 
possible to point out only a few of the variations and 
errors encounterable when a given tool is used. Many 
of those encountered can be conveniently classified 
under the following headings: 

1. Limitations due to incorrect interpretation of the 
capacity of the tool. (Sometimes these are due not 
to the individual chemical tool or technique used, 
but rather to the difficulty of ensuring standard 
‘experimental conditions’ such as standardized 
reactant material required for the measurement of 
the particular property). 

. The extension of the use of the tool beyond its 
original concept or design. 

. ‘Experimental error.” This limits the degree of 
accuracy. 
Time variation. The standardization of calibration 
of a given instrument can vary over a given time 
interval. The apparatus then requires re-setting, 
thus limiting the number of measurements that 
may be carried out over a given time. This limits 
the use of the instrument in so far as rates of 
reaction are concerned. 

A special problem arises when a given system which 
performs a definite function is made to operate under 
a different set of conditions than for which it has been 
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planned. Such a change represents a source of error 
which may be ascribed to the limitations of a new tool 
or technique being used. The source of error may be 
illustrated in the case of paper chromatography and 
paper electrophoresis. A certain buffer solution may 
be used for controlling the pH. However, if used as a 
buffer in paper chromatography and paper electro- 
phoresis its pH is bound to alter. This is due to the 
components of the buffer possessing unequal mobilities. 
The pH of a buffer composed of a weak acid and its 
salt is determined according to the Henderson- 
Hasselbalch equation, viz. : 


pH pK log - 
~ [acid] 

The buffer is made up of a definite proportion of the 
salt (anion) and the free acid. The velocity of the anion 
over the paper, following its absorption and desorption 
in paper chromatography, is bound to differ from that 
of the free acid, thus resulting in increasingly different 
ratios of salt/acid and therefore in different pH values 
If the pH dependence of the R, value is small the effect 
may be missed. However, in many cases such depen- 
dence is quite pronounced. In paper electrophoresis we 
have the possibility of a similar phenomenon. The 
anion is bound to move far more rapidly under the influ- 
ence of the electrical field than the free acid. Further the 
effect will become more pronounced as the distance 
from the origin increases. Consequently considerable 
differences may be expected in the pH values along the 
paper. The same principle may be applied to zone 
electrophoresis. The effect depends obviously on the 
magnitude of the potential gradient encountered. (The 
above effects are considered. along with experimental 
evidence, elsewhere (Lewin, 1961)). 

It is not possible to consider in detail all or even one 
of these techniques in a short paper. Here, it is proposed 
to consider very briefly the outstanding limitations 
which may be encountered in the uses of some of these 
tools 
(a) Glass electrode pH determinations—The accuracy of 
this tool is limited by the valve potentiometer (or other 
instrument) used, the type of glass electrode, and by 
the significance of the electromotive force measured, 
i.e. in the interpretation of the values so far as con- 
version of e.m.f. to pH values is involved, which involves 
some thermodynamic uncertainty. Commercial valve 
and vibrating condenser potentiometers are now avail- 
able which are capable of measuring accurately to 
0-1 millivolts or to ca. + 0-001 pH units. However, the 
best commercially available glass electrodes give repro- 
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ducible results only to within + 0-002 pH units in well- 
buffered solutions under standardized conditions. The 
significance of the experimental values depends in turn 
on the theoretical accuracy of standardizations with 
buffers such as borate, phthalate and phosphate, the 
individual! pH values of which are, however, established 
with certainty only to the second decimal (National 
Bureau of Standards, 1950). The uncertainty is caused 
partly by the difficulty of formulations of the individual 
activity coefficient of the hydrogen ions in its relation 
to the geometric mean one which involves the co-ion 
present (Lewin, 1960) and partly because of the un- 
certainty involved in assessing accurately the values of 
liquid-junction potentials involved. The limitations 
become more pronounced in very acid or very alkaline 
solutions which involve significant corrections even 
when electrodes more ‘docile’ than the sodium glass 
electrodes are used. 

The above considerations are valid at any single 
temperature used. Further, fundamental limitations are 
involved when an investigation involves several tempera- 
tures, because the problem of the relationship of pH 
values at one temperature to those at other temperatures 
is involved. It should be remembered that the basis of 
the pH scale is that the e.m.f. value of the hydrogen 
electrode is zero at all temperatures. When only one 
temperature is employed the comparison of the various 
pH values at the same temperature is unaffected. How- 
ever, the uncertainty as to the exact relation between the 
pH scales at two different temperatures is bound to 
involve an element of uncertainty as to the exact value 
of temperature effect on properties which depend on 
the pH value. 

A further limitation arises when small particles and 
biological cells are involved. It has been deduced by 
Hartley and Roe (1940) that the pH value at the 
surface of a suspended particle is not the same as that 
of the bulk of the solution. These authors have formu- 
lated the relation as 

(pH) surface (pH) bulk - 

where A is a constant the value of which is 0-217 at 
25°C. for micro-organisms and particles of bacterial 
dimensions, and V is the particular electrophoretic 
mobility. The correctness of this relation has been 
demonstrated experimentally, and the difference bet- 
ween the two pH values has been assessed to be roughly 
0-4 pH units. The electrophoretic mobility is affected 
significantly by ionic strength and other factors and 
the error involved may well influence the significance 
of the experimental pH values which are carried out on 
the bulk of the solution. 

The degree of accuracy required is often the factor 
limiting the use of a particular tool. This is conveniently 
illustrated in glass electrode pH determinations. 

Several commercial pH meters have scales which 
read +001 or +0-02 pH units. Such limitations are 
sometimes considered reasonable in determination of 
pK values, particularly if the results are accurately 
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reproducible. There are however cases where this 
degree of accuracy is insufficient. It is not possible to 
lay down a fast rule, but generally speaking comparisons 
between different systems which involve pH or pK 
differences of the order of 0-05 pH units require 
apparatus capable of reading accurately to values 
better than 0-01 pH. This is so because a variation of 
+ 0-01 is essentially a variation of 0-02 pH units which 
in relation toa 0-05 difference becomes quite significant 
This applies particularly in biological work where 
‘biological variations’ may cause further experimental 
errors which could upset the validity of the conclusions 
based on small differences. Differences of the order of 
0-04 pH units are known to be significant in biological! 
woik and there it is essential to have instruments 
capable of a degree of accuracy better than 0-01 pH 
units. For exemple, Weir (1955) has recorded that in the 
case of mice, males belonging to a line having an 
average blood pH value of 7-42 increased the female 
male sex ratio in the offspring from 50:50 to 60:40, 
while the other parent male line having an average 
blood pH of 7-46 decreased the sex ratio to ca. 40:60 
The blood pH value of the mater appeared to be 
without effect. It is obvious that the use of a pH 
meter correct to 0-02 pH units would have cast doubts 
on significance of the results 

pH values are generally used for the determination of 
pK values of acid and base groups. These measure- 
ments are usually constant over a reasonable length of 
time. Thus in the titration of acids and bases having 
single acid or single base groups, such as acetic acid or 
ammonia, or more complex ones involving both acid 
and base groups, such as adenosine or lysine, addition 
of a given quantity of titrant results in a definite pH 
value which is retained over at least several hours. The 
experimental variation there is usually within 0-01 
pH units. Sometimes, however, pH changes take place 
quickly because of decomposition or other changes, e.g. 
isomerization. These changes are sometimes so rapid 
that continuous measurements are desirable. It is in 
this particular field that automatic recording is most 
important, because the ordinary glass electrode pH 
meter cannot be used to record the readings sufficiently 
rapidly. It should, however, be remembered that the 
use of automatic pH recording suffers from specific 
limitations. First, the glass electrode cannot be re- 
standardized without interruption of the recording. 
Second, slow attainment of equilibrium results in slow 
attainment of associated pH value; thus the use of a 
recorder for following continuous acid-base titrations 
does not allow checking of the steadiness of pH values 
on addition of definite quantities of titrant. The same 
point applies, within the time interval between in- 
dividual addition to the titrant, to manual pH meter 
measurements. These points are of fundamental im- 
portance. This has been illustrated in the amino acid- 
glucose interaction (Lewin, 1956, 1957; Lewin and 
Kosinski 1958; Lewin and McCall, 1957) where a 
series of steady pH states have been found subsequent 
to the first steady pH state of ‘equilibrium’. Third, the 
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probability of an instrumental error is increased by the 
use of recording instruments, and rechecks and re- 
calibrations are necessary to ensure the correctness of 
he obtained results. 

(b) Paper chromatography.—Paper chromatography 
has proved to be an elegant analytical tool capable of a 
high degree of accuracy provided the conditions are 
strictly standardized. Nevertheless effective limitations 
are encountered time and again in both theory and 
practice. 

On the theoretical side it must be emphasized that 
paper chromatography is conveniently applicable to 
chemically static systems, i.e. where no reversible 
reaction is taking place between the components of the 
mixture of substances to be examined. If a reversible 
reaction takes place between the components of the 
mixture, allowance must be made for the effect of the 
solvent on the reversibility of the reaction and also for 
the effect of the numerous adsorptions and desorptions 
on possible equilibrium displacements. For example, in 
the reversible reaction between amino acids and 
glucose in the comparatively neutral range of pH 6 to 
pH 8, which may be conveniently represented as: 

HR=H* + R- 

R~ + G=RG-, and 

R~ + 2G=—RGG 
where HR is the amino acid, R~ is the amino acid- 
anion, and RG~ and RGG~ are the monoglucose and 


di-glucose complexes respectively, the use of acid 
solvents results in displacement of the reversible 
equilibria to the left, thus nullifying the interaction. 


Even the use of neutral solvents is unsatisfactory for 
investigation of the interaction, because the numerous 
adsorptions and desorptions are certain to result in 
further break up of the above complexes. However, 
paper chromatographic investigation of the amino acid- 
sugar interaction can be approached from the stand- 
point that the demonstration of the absence of a spot 
expected from the complex can be taken as evidence 
for the reversibility of the above reaction under 
specified conditions, e.g. the dilute amino acid-sugar 
aqueous solutions (Lewin 1958) in contradistinction to 
the highly concentrated ‘solutions’ involved in the semi- 
solid “dry state’. (Gottschalk and Partridge, 1950). 


Thus, the limitation of the chromatographic tech- 
nique may be turned to advantage when properly 
interpreted. This approach is merely an illustration of 
the generalization that :he exceptions to the rules are as 
important as the rules themselves. 


On the practical side one may encounter considerable 
difficulty in ensuring strict standardization of the 
experimental conditions, even when all reasonable 
precautions have been taken. Assuming constancy of 
solvent, age, temperature, pH, absence of electrolytes, 
type of paper and its direction of mills’ flow, there 
remain the unappreciated variations in technique from 
one laboratory to another which are often responsible 
for ununderstood experimental variations. One signifi- 
cant limitation is found even when technique variations 
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are excluded. Multiple spot formations have been noted 
(for references see Zweig, 1959; Kellar and Giddings, 
1960; Beckett, Beaven and Robinson, 1960) when pure 
substances have been used. These are attributable in 
some cases to chemical changes, separation of isomers or 
complex formation. Sometimes variation in the quantity 
of acid—other than that forming part of the solvent— 
associated with a given base results in the formation of 
multiple spots. Thus, Waldon-Edward (1954) noted 
with several basic amino acids and diamines that when 
one equivalent of sulphate was used two associated 
spots were formed, whereas more sulphate resulted in 
only one spot formation. West (1959) noted that the 
presence of certain acids resulted in the formation of 
two spots per base in the examination of certain amines. 
While these effects can be countered or allowed for in 
certain circumstances, they impose a_ significant 
limitation on paper chromatographic analysis of 
biological amino containing systems where strongly 
acidic metabolites are present, e.g. urine, because the 
effect of the concentration of such systems on multiple 
spot formation must be first clarified (Beckett, Beavan 
and Robinson, 1960). 

Because of the minute quantities required, paper 
chromatography is an extremely useful tool. However 
it suffers from the disadvantage of a time lag. Several 
hours are usually required for a chromatographic run, 
and during that time the analysis cannot be known. This 
disability may be contrasted with the rapidity with 
which a pH measurement or an optical density 
determination is carried out. Centrifugal paper 
chromatography as well as the circular technique is 
capable of reducing the time interval. However no 
method is yet available in which paper chromatography 
can be carried out as rapidly as either of the above 
analytical procedures. 


(c) lon Exchange.—The use of ion exchange as an 
analytical tool is well established and the variety of 
materials available enables a considerable number of 
separations to be undertaken. 

It is sometimes forgotten that a minimum number of 
regeneration and washing cycles is necessary to remove 
the smaller particles as well as extraneous matter 
occasionally present, and that slight but not negligible 
mechanical breakdown of the larger particles may give 
rise to finely divided particles. These small particles may 
pass through the sieves at the bottom of the column 
along with the ‘pure’ solution thereby enhancing 
‘experimental error’. Further, the active form of the 
ion-exchanger may not be stable, and so give rise to 
undesirable products. For that reason it is essential to 
check critically the presence of trace materials in the 
solutions which have passed through the ion-exchange 
columns. As an example one may quote the decomposi- 
tion of ion-exchange material, containing quaternary 
ammonium groups which apparently (particularly after 
passage of aldehydic material) gives rise to amines. 

The catalytic effects of ion-exchange resins are indeed 
appreciated nowadays, but it is necessary to remember 
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their undesirable effects equally well. For this reason it 
is essential to carry out control experiments to ensure 
that the existence of a certain substance in a solution 
which has passed through ion-exchange column is not 
necessarily due to its presence in the original solution 
but is rather a demonstration of its catalytic production 
from the constituents of the original solution on passage 
through the ion-exchange column. Such catalysis has 
been demonstrated in several cases, e.g. Rebenfeld and 
Pascu (1953) showed that glucose in contact with the 
strongly basic resin Amberlite IRA-400 was partly 
transformed into fructose, while fructose in contact 
with Amberlite IRA-400, was partly transformed into 
glucose. Each sugar was also partly transformed into 
organic acids. 

The above possibilities of variations and errors 
emphasize the need for careful assessment of the 
limitations and suitability of the technique used for a 
given investigation. The difficulties arising out of such 
limitations are reduced when two or more tools are 
used in the study of a particular problem. Different 
tools are used in different laboratories in tackling 
individual problems, but unspecified differences in 
technique may exist and these may result in apparent 
variations. For this reason it would be more advan- 
tageous to carry out combined operations in the same 
laboratory. 

The above difficulties may be illustrated as follows: 
The pH elevation technique introduced (Lewin 1957) 
can be used to detect and estimate the interaction of 
acid imino groups or sulphydryl groups with carbonyl 
compounds such as formaldehyde according to the 
scheme 


N—H = —N + H* owe 
| 
| 


This principle is also utilizable in the basic amino inter- 
action with formaldehyde where a pH depression is 
obtained in the well known Sorensen titration. 

As long as the pH range chosen is one in which 
equation (1) is operative, the absence of a pH elevation 
can, in absence of other over-riding considerations, be 
taken as evidence of the absence of an acid imino 
group. However, when the pH range concerned is 
outside that involved in equilibrium (1), say in regions 
over 5 pH units above or below the relevant pK value, 
the absence of a pH elevation cannot be taken as 
evidence for the absence of the imino group in these 
regions. This is because the pH elevation formulation 
depends on the ionization of the imino group, and the 
absence of this ionization makes it impossible to 
attain the pH elevation on formaldehyde addition. 
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However, the limitation of the pH variation method in 
such pH regions can be met by the us> of absorption 
spectra measurements. Absorption spectra curves of 
compounds containing imino groups are significantly 
changed on formaldehyde addition, and the change per 
mole of imino group is practically independent, under 
certain conditions, of the process of dissociation (Lewin 
1961). Consequently, the effect may be used to demon- 
strate the presence of the imino group. A limitation is 
nevertheless encountered in that the measurements are 
best carried out at constant pH. When the solutions 
have but small buffering capacity, it is necessary to 
introduce a buffer which may affect the rate of attain- 
ment of equilibrium though not necessarily the equi- 
librium constants themselves. However, the combined 
use of the pH elevation method and absorption spectrum 
change usually results in complementary results which 
are in good agreement, thus resolving the individual 
uncertainties. 
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Forthcoming Conferences 


Gas Chromatography 


The 4th International Symposium on Gas Chromatography, 
organized by the Analytical Chemical Division of the 
Geszllschaft Deutscher Chemiker and the Gas Chromato- 
graphy Discussion Group of The Hydrocarbon Research 
Group of the Institute of Petroleum being also the 4lIst 
meeting of the European Federation of Chemical Engineer- 
ing will be held at Hamburg (Germany) from June 13 to 16, 
1962, inclusive. 

The main language of the meeting wil! be English and the 
papers presented should be in a form similar to those at the 
former Symposia on Gas Chromatography, and will be 
classified under three headings: 

1. Theory 

2. Apparatus and Techniques 

3. Applications. 

Those papers concerning the application and the tech- 
nique must have some novel feature to warrant their in- 
clusion in the programme. 

Preliminary registration for attending the symposium 
should be sent as soon as possible to the following address: 


Gesellschaft Deutscher Chemiker, 
c/o Dr. W. Fritsche, 
Frankfurt/M, 
Postfach 9075, Germany. 


An early registration will help the Organization Com- 
mittee, and is necessary for sending further information 
circulars and the final registration form. 


477 





ELECTRONICS FOR BIOLOGISTS 
by G. C. Ware 


Department of Bacteriology, University of Bristol 


PART VI 


Power Supplies 
Valve amplifiers require low voltage power for their 
heaters, which for indirectly heated valves may be a.c., 
and for operation of the anode circuit a higher volt- 
age, often between 100 V. and 500 V., which must 
be steady direct current. Batteries, though they form 
an ideal source of supply from the electrical point of 
view, are inconvenient, expensive and restrict the 
maximum power consumption and therefore the design 
of apparatus. Another source of d.c. suitable for the 
anode circuit must therefore be provided in every 
mains operated electronic device. Rectifying circuits 
may use either metal rectifiers or valve rectifiers. Only 
valve rectifiers will be considered here, these being 
generally better except at low voltages where metal 
rectifiers must be used. 

The heater of a rectifier valve should be energized by 


6.3V 
general valve 
heaters 


5.V 
fectifier valve 
heater 


300-0-300 V 
high tension 


a.c. mairis. 


(centre tapped) 











Fig. 38. A mains transformer for operation of electronic valve 

equipment, with three isolated secondary windings. The HT 

winding is centre tapped to allow for full wave rectification 
without recourse to a four rectifier bridge. 


478 


LABORATORY PRACTICE 











Fig. 39. (ec) A full wave rectifier circuit using a centre tapped 

transformer and valve rectifier. (a) The original a.c. waveform 

(b) after rectification (assuming the filter circuit disconnected) 

(c) showing the effect of C> only (d) showing the effect of the 
complete circuit. 


an electrically separate winding on the transformer to 
avoid possible interconnection between the high 
voltage section of the rectifier (cathode) and the heaters 
of the other valves. Commonly, then, a mains trans- 
former will provide a well insulated heater circuit for the 
rectifier often of 5 or 6-3 V., another heater winding of 
6-3 V. for the other valves, and the high tension 
winding of between 500 and 1,000 V. which for con- 
venient full wave rectification must also be centre 
tapped (that is, divided into two equal and connected 
sections). (Fig. 38.) 

A full wave rectifier valve contains two identical 
anodes, and a cathode which may be directly or indir- 
ectly heated. Fig. 39e shows a full wave rectifier circuit. 

The rationale of the circuit may easily be established 
by following the only permissible flow of electrons, from 
negative cathode to the more positive anode through the 
valve, for the 4 cycles when A is more positive than 
B and C more negative than B and then for the 4 cycle 
when A is more negative and C more positive than B 

The output from a full wave rectifier, varying as it 
does between zero and maximum vo! itage in each 4 cycle 
(Fig. 39e) is quite unsuitable for use in the anode 
circuit of an amplifier, and a filter circuit is necessary 
to smooth the output voltage. A large capacitor (C, 
Fig. 39d) connected to the rectifier output will quickly 
become charged to the maximum voltage and remain 
charged. Provided the capacitor is not discharged the 
voltage will remain steady at the maximum value. In 
practice however current is used, and the capacitor will 
discharge slightly during each cycle to produce a 
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voltage ripple similar to that shown in Fig 39c 
Further improvement may be achieved by a resistor 
(R ,) and second capacitor (C ,) which serves to by-pass 
the varying component of the voltage to earth retaining 
only the steady portion as in the case of a cathode by- 
pass capacitor. The resulting output (Fig. 39d) is 
sufficiently smooth for most valve applications. 

This type of filter circuit is termed resistance capacity 
smoothing and is generally preferred for compactness 
and convenience. Losses do occur in the resistor how- 
ever and some voltage drop is inevitable when current 
is being drawn. The final smoothed d.c. voltage is 
roughly equal to the input a.c. R.M.S. voltage from the 
transfor ner. When no current is being drawn the d.c 
voltage . ill be equal to the peak a.c. voltage and the 
capacitors should be chosen to allow for this. The 
working output voltage may be adjusted by varying the 
resistor or alternatively, where several voltages are 
required, a resistance bridge may be constructed 
Each resistor of the bridge must be of sufficient 
power handling capacity, and the total resistance 
should be high enough to avoid serious losses but low 
in comparison with the load to which it supplies 
current. Such a bridge is therefore always a compromise. 

Very nasty shocks can be obtained from capacitors 
charged to high voltages and since they may retain 
their charge for considerable periods after the apparatus 
has been switched off a resistor (R , Fig. 39e) should be 
provided to discharge the capacitors, its resistance 
should be high enough to waste little current but low 
enough to cause fairly rapid discharge of the capacitors 

It has been shown (Part IV) thatinacorrectlyconnected 
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Fig. 40. An amplifier showing the effect of a small negative 
signal at the grid on the anode volts. Note the change of phase 
and increase of signal voltage. 
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a 
Fig. 41. (a) A two stage R.C. coupled amplifier consisting of 


two identical amplifiers. (b) The same amplifier using trans- 
former coupling. 


valve amplifier thecurrent in the anodecircuit, and there- 
fore the voltage across the anode load, shows large 
changes for smallichanges in the grid voltage. In practice, 
the grid voltage change is a signal of some kind which is 
to be amplified, and provided all is well the amplified 
signal in the anode circuit will be a faithful reproduction 
of the original signal in all but one respect. 

Because an increase in grid voltage is equivalent to 
reducing the resistance of the valve the anode voltage 
falls, and thus the polarity of the incoming and out- 
going signals are reversed. This is termed a change of 

hase, the two signals being 180° (4 wave) out of phase. 
(Fig. 40). Although it is convenient to think of the 
signal voltages alone, it must always be remembered 
that these are in fact variations in, or superimposed 
upon, the steady electrode voltages of anode and grid. 
A 1 V. positive signal applied to a valve with a grid 
voltage of —S V. might cause a reduction of anode 
volts from 200 to 150 V., a change of —-5S0 V. This is 
often thought of simply as the amplification of a 1 V 
signal to a SO V. signal 


Amplifiers in Cascade 

It is frequently impossible to obtain sufficient amplifica- 
tion with one valve to enable very small signals to be 
usefully used. All that is then required is to apply the 
already increased signal in the anode circuit of one 
valve to the grid of a second valve to produce an even 
larger signal in the second anode circuit and so on 
until the signal is large enough for use. Amplifiers so 
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connected are said to be in cascade, each amplifier being 
called a stage. 

Because the grid of the second valve like that of the 
first, must be at its correct working voltage a direct 
connection between anode and grid is not permissible 
as the second grid would then be raised to the same 
voltage as the first anode. It is therefore necessary to 
separate the signal from the steady electrode voltage. 
With varying signals this may be done in two ways, 
and more simply by use of a capacitor which, as we 
have seen, will pass varying but block steady voltages. 
The coupling capacitor (C. Fig. 41a) like any other will 
pass high frequencies better than low and must therefore 
be fairly large if low frequencies are not to be lost 0-1 
uF is usually adequate. This method of coupling is 
called resistance-capacity coupling (R.C. coupling) to 
distinguish it from transformer coupling where the 
anode load resistor is replaced by the primary winding 
of a transformer (Fig. 41b). Variations in current 
through the primary induce voltages in the secondary 
which are applied to the grid of stage two. The steady 
anode current induces no voltage in the secondary so 
no isolating capacitor is required. No grid resistor is 
required for V » as the grid is connected to earth through 
the transformer. 

Transformers have some advantages over R.C. 
coupling; they offer less resistance to the steady d.c. 
anode current and therefore introduce less H.T. 
voltage loss than an anode load resistor and may also 
be designed to provide a voltage increase resulting in 
further amplification between stages. Unfortunately, 
however, it is difficult and expensive to produce a 
transformer in which the output is a faithful reproduc- 
tion of the input signal and moreover transformers 
introduce awkward phase changes in the signal. They 
are not therefore extensively used in amplifiers except 
for very high (radio frequencies) and in the input and 
output stages of multistage amplifiers where they can 
perform an important and special function. 


Impedance Matching 

Impedance, measured in ohms, is the resistance offered 
to a varying current, such as a signal or a.c., in the 
same way that resistance is offered to a steady d.c. As 
we have seen, the impedance of a capacitor is less 
towards a varying signal than towards a steady one 
but other circuits usually have greater a.c. impedance 
than d.c. resistance though with a simple resistor the 
difference is negligible. Impedance varies with frequency 
and must be quoted for a definite frequency. 

It is a necessary condition for reasonable efficiency in 
electrically coupling two circuits that both should have 
similar impedances; at any rate, the impedance of the 
energizing circuit should not be much higher than the 
impedance of the energized circuit. 

The output impedance of a valve between anode and 
cathode is very high (several thousand ohms) and it is 
often necessary to feed a signal originating in an anode 
circuit to a low impedance device; for example a 
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1O. KN. at 
I. Ke/sec. 








San 








Fig. 42. Using a transformer to match the impedance of a 
valve to a loudspeaker. The d.c. resistances will be considerably 
less than the impedance at 1 Ke/s. 


loudspeaker of 322 impedance. Direct coupling would in 
this case be very inefficient, and considerably better 
results are obtained by using an impedance matching 
transformer (Fig. 42). The transformer would ideally 
have a primary of the same impedance as the valve and 
a secondary of the same impedance as the loudspeaker. 
An ideal match is never obtainable in practice. 


The Pentode Valve 

Triode valves have some undesirable characteristics and 
in some applications the pentode may be more useful. 
It differs from the triode in having two additional grids 
but when correctly connected performs the same 
functions as a triode. As a rule, however, pentodes can 
give considerably more voltage gain per stage than 
triodes. Like triodes they too have undesirable qualities 
and to prevent these being cumulative in any multistage 
amplifier it is good practice to use a mixture of triodes 
and pentodes, the first and last valves being pentodes as 


ANODE 


SUPPRESSOR | __ 
GRID 


(G3) 
(a1) 


SCREEN 
GRID 


(c2) 


CONTROL _ | _ 
GRID 








pes 
CATHODE 


HEATER 
Fig. 43. Diagrammatic representation of an indirectly heated 
pentode valve. The grids are numbered in sequence away from 
the cathode and may be referred to by number or name. 
The control grid performs the functions of the grid of a triode. 
The cathode is omitted in a directly heated pentode where the 
heater also functions as the cathode. 
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TABLE IV 


TYPE 6BR7 


y Coded 805 
MINIATURE 
LOW MICROPHONY 


AMPLIFIER PENTODE 


Part of the manufacturer’s data sheet for Type 6BR7. 


Courtesy Standard Telephones & Cables Lid 


they have particularly desirable characters as output 
valves and provide large voltage gain in the first stage 
to give a more easily handled signal. 


In the pentode the electrode which performs the 
function of the triode grid, is called the control grid to 
distinguish it from the two additional electrodes (Fig. 
43). One of these, the suppressor grid is invariably 
connected directly to the cathode. This is such a 
common connection that it is frequently made inside 
the valve at the time of manufacture. The second data 
sheet (Table 1V) shows an exception where the suppressor 
grid has not been internally connected to the cathode. If 
the second extra electrode, the screen grid, or more 
simply the screen, is connected to the anode the valve 
will function exactly as a triode. For operation as a 
pentode the screen must be maintained at the voltage 
shown on the data sheet. This voltage is obtained from 
the H.T. line by a screen resistor the value of which 
may be given on the data sheet. When it is not given it 
may easily be calculated from the steady screen current. 
As the screen current varies in the same way as the 
anode current, signal voltage variations will be developed 
across the screen resistor just as across the anode load 
resistor or cathode resistor. A steady screen voltage is 
required so the screen signal must be by-passed to earth 
in the same way as the cathode signal. In this case, a 
higher voltage capacitor will be necessary but a smaller 
capacity will suffice and 0-1 uF. is usually adequate. 

When the control grid voltage is obtained from a 
cathode resistor and the value for this is not given in the 
data sheet it may be calculated as for a triode, but it 
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Fig. 44. A pentode voltage amplifier. With the 6BR7 and an 
HT supply voltage of 300V. the components should have the 
following values (see Table TV): 

Ra 250K @). Rs 12M(Q). Re 1OM(). Re 1200) 
For good amplification at low frequency (down to 100 c/s) 
Ck should not be less than 25 uF and Cs 0:1 uF. The ampli- 
fication of this circuit would be about 10 times that of the 

triode circuit in Fig. 29. 


must be remembered that in a pentode the cathode 
current is equal, not to the anode current, but to the 
sum of the anode and screen currents. Pentodes usually 
have rather higher anode impedance than triodes and 
so rather higher anode load resistors should be used 

To summarize, pentodes provide higher amplification 
than triodes and require two additional circuit com- 
ponents, a screen resistor and capacitor. The suppressor 
grid must also be connected to the cathode if this is not 
done internally. Pentodes and triodes have other 
properties beyond the scope of this series. A complete 
circuit for a pentode amplifier is shown in Fig. 44 and 
should be compared with the triode amplifier Fig. 29 
(May issue of Laboratory Practice.) 


Oscillators and Feedback 

It is possible, intentionally and unfortunately also 
unintentionally, to return part of the amplified signal 
from the anode circuit to the grid circuit thereby 
superimposing it upon the incoming signal. As was 
shown, one method of doing this is to omit the cathode 
by-pass capacitor in circuits where the grid voltage is 
being provided by a cathode resistor. 

Although there is a definite time interval between 
application of a signal to the grid and a response in the 
anode circuit, this time is small and equal to the transit 
time of an electron between the cathode and anode 
(about 1/100 of a microsecond). Except with signals of 
very high frequency, where the time for one cycle 
approaches the transit time, it is permissible to regard 
the anode signal as simultaneous with the grid signal. 

Consider the effect of returning directly a smal! part 
of the signal from anode to grid, either by a direct 
connection or by omission of the cathode by-pass 
capacitor. The returned signal, being 180° out of phase 
with the original signal will combine with and effectively 
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Fig. 45. Effect of (a) negative and (b) positive feedback on an 


original signal. — - — + — + original signal; 
signal ; resultant signal. 


reduce the amplitude of the incoming signal (Fig. 45a) 
producing a corresponding reduction of the amplified 
signal. This in turn reduces that fraction returned to 
the grid and produces a lessening of the reduction of 
grid signal and a consequent increase in output. The 
amplifier has therefore become partially self-compen- 
sating to any attempt to alter the input or output. We 
refer to a returned signal 180° out of phase as negative 
feedback. It serves well to stabilize an amplifier, though 
at the expense of amplification. Moreover any small 
noise such as hum or random changes in amplification 
which may be introduced by the valve circuit are at once 
reduced by return of a negative version of the spurious 
signal. 

Suppose however the phase of the output signal was 
inverted by 180°, either by passing it through another 
amplifier or a specially designed circuit before being 
returned to the input, the returned signal would now 
be in phase with the input (Fig. 45b). 

The resultant signal on the grid is now made larger 
by addition of the returned signal, with a corresponding 
increase in the output signal. In turn this causes an 
increase in the returned signal with a further increase 
in the input signal. The process will continue until the 
valve is supplying its maximum output. In practice no 
original signal is required in such a circuit and a small 
spontaneous impulse rapidly builds up to maximum 
amplitude. Positive feedback in smal! quantities there- 
fore strengthens the signal but tends to result in 
instability, the amplifier becoming blocked. Small 
random noises and hum are also increased and positive 
feedback is therefore generally undesirable. 


Tuned Oscillators 

If a device is incorporated in a positive feedback circuit 
which is selective for one particular frequency then 
this frequency alone will be increasingly amplified and 
a pure signal obtained from the circuit. Such a signal 
generating circuit is called an oscillator. 
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positive feedback 


Tuned Circuits 
Combinations of coils (inductances) and capacitors can 
form circuits which have an infinite impedance to one 
particular frequency. As the frequency departs from 
that characteristic of the circuit the impedance rapidly 
falls 

A tuned circuit consisting of an inductance and 
capacitor is shown in the anode circuit of an amplifier 
(Fig. 46). The impedance of the tuned circuit will be 
high for one particular frequency depending on the 
actual values of L and C, and at this frequency the 
voltage drop across the tuned circuit will also be high 
The tuned circuit acts as an anode load resistor and as 
a result the amplification will be greatest at the tuned 
frequency. At all other frequencies the impedance of the 
anode load will be low and no amplification of these 
frequencies will occur. If now a second coil is arranged 
so that voltage changes in L, can induce voltage 
changes in L >, then by connecting L , to the valve input, 


HT+ 





Fig. 46. A tuned circuit as an anode load. The values of L and 
C will determine the frequency at which the impedance is 
maximum. 
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Fig. 47. (a) Positive and (b) negative feedback from a tuned 
anode load. The circuit providing positive feedback will 
oscillate at the tuned frequency. 


part of the anode signal will be returned to the grid 
either in or out of phase depending on the method of 
connection (Fig. 47a and b). When connected in phase 
oscillation at the frequency of the tuned circuit will 
occur. 

The tuned circuit may be placed in the grid or cathode 
circuit instead of the anode circuit. Grid voltage may be 
obtained from a cathode resistor as before, but in 
oscillator circuits the signal may become so large that 
the negative grid voltage is neutralized during part of 
the cycle and the grid becomes positive with respect to 
cathode. The positive grid will act like a second anode 
and current will flow from cathode to grid. If a capacitor 
is inserted in the grid circuit it will become charged by 
this current and restore a negative voltage to the grid 
and so stop the grid current. (Fig. 48). In oscillators a 
better sine wave is generally obtained by this system of 
controlling the grid voltage 


Valves as Switches 
If the grid voltage of any valve is made sufficiently 
negative the effective resistance of the valve becomes so 
high that anode current virtually ceases to flow. In this 
condition the valve is said to be cut off and may be used 
as a switch, the load being connected in the anode 
circuit as usual. Increase of the grid voltage to a 
predetermined value allows the anode current to flow, 
operating the device represented by the load. Moreover 
the current may be regulated by altering the grid 
voltage. Switches of this type require no power to 
operate and can operate at very high speeds, the 
switching time being of the same order as the transit 
time (10° 8-10°° sec.). A conventional mechanical 
switch may take appreciable power and time to operate. 
Quite small valves can be used to pass quite large 
currents, for instance a small electric light bulb or a 
small motor could be controlled by a 6L6 valve. The 
valve will of course act also as a rectifier the anode 
current being undirectional. 

When a valve is operated with the anode current cut 
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Fig. 48. The use of a capacitor in the grid circuit of an oscillator 

to ensure a grid voltage of 0 when large signals are probable. 

The cathode-grid section of the valve acts as a rectifier when 
the grid tends to become positive. 


off the necessary grid voltage cannot be obtained from 
a cathode resistor, as no current is flowing in the 
cathode circuit. It must therefore be obtained from 
another source such as the bridge network described 
earlier. Where larger currents have to be switched than 
can commonly be handled directly by valves, electro- 
mechanical relays may be inserted in the anode circuits, 
but gas filled valves are available which are able to 
conduct much higher currents than normal vacuum 
types. The grids of gas filled valves negatively biased 
prevent the flow of an anode current. When the grid 
becomes positive a discharge occurs between cathode 
and anode and current flows. Unlike a vacuum valve 
restoration of a negative grid voltage does not exercise 
any control on the anode current, which continues until 
the anode voltage is removed or greatly reduced for 
long enough for the gas to become deionized (107 > to 
10° 4 sec.). With 50 c/s. alternating current, the 4 cycle 
during which the anode is negative is usually sufficient 


British Laboratory Ware 
At a recent General Meeting of Members of the British 
Laboratory Ware Association Ltd., the following firms were 
elected to ordinary membership: 
T. Gerrard & Co. Ltd., 
46/48 Pentonville Road, 
London, N.1! 


A. D. Wood, Esq., 
4 Skinner Street, 
London, E.C.1 
Amal Ltd., of Holdford Road, Witton, Birmingham 6, and 
Deeley & Co. Ltd., of 1 George Street, Balsall Heath, 
Birmingham 12, were elected Associate Members 
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APPARATUS AND DEVICES 


AN EASILY ASSEMBLED AIR-THERMOSTAT WITH PROVISION 
FOR STIRRING A NUMBER OF LIQUID SAMPLES 


by I. Bergman, Ph.D. 


Safety in Mines Research Establishment, Ministry of Power, Sheffield 


URING work on the measurement of dissolution 
5 Ree of fine powders, several suspensions had to 
be stirred at adjustable but controlled speeds and at a 
constant temperature over a period of weeks. When the 
samples were stirred from above by paddles, however, 
the solutions evaporated. When the sample bottles were 
partly immersed in a thermostat bath or jacket, the 
solution was concentrated by condensation of the 
solvent on to the lids of the bottles. These disadvantages 
were overcome by the construction of the apparatus 
shown in Fig. 1. 


As very little heat was expected to be released or 
absorbed by the processes of dissolution, the stirring 
assembly (1) was incorporated into an air-thermostat 
consisting of the following easily obtainable components 
in a box (in our case a microscope cover with trans- 























parent panels): (2) a brushiess motor hair drier, 
(3) a brick-shaped heat-exchanger from a car heater, 
(4) a small table fan, (5) a contact thermometer and 
(6) its control relay, and (7) a variable output trans- 
former. 


The hair drier, pointed downwards, was wired so that 
the fan was permanently on, and the heater filament was 
fed from the transformer via the relay. The heat 
exchanger, with tap water flowing through it, was used 
as a cooling unit at control temperatures less than 
ICC.” above ambient temperature. The additional fan 
was necessary to distribute evenly the heat generated by 
the motor used for stirring the samples, as this was 
necessarily close to the samples and below them. Small 
gaps in the box were found not to affect the operation 
of the thermostat adversely, though direct sunlight had 











Fig. 1. Air-thermostat with provision for stirring a number of liquid samples. 1. Hair drier. 2. Heat exchanger. 3. Small table 
fan. 4. Contact thermometer. 5. Control relay. 6. Variable transformer. 7. Magnetic stirring assembly. Crown copyright 
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to be excluded from the box during operation. The 
voltage fed to the heater of the hair drier was adjusted 
by means of the transformer so that the ‘time-off/time- 
on’ ratio was not larger than two or three. In fact at 
25 C. and with a hair drier rated at 400 watts, a voltage 
one-third of mains voltage was found to result in a 
heating time of ten seconds and a cooling time of 20 
seconds. As expected the thermostat worked well at 
temperatures in the range 30-50°C., but even at a 
control temperature as low as 25 'C. and an ambient 
temperature of 22°C., the temperature at any particular 
point in the region of the samples varied by only 

0-IC. over a period of weeks. The temperatures 
over the major part of the box were within 0-3C. of 
each other 

The samples to be stirred were contained in small 
polythene bottles held by spring clips. A polythene- 
covered magnetic stirring bar in each bottle was 
caused to rotate by a horseshoe magnet (approximately 
2 in. 1 in | in.) rotating beneath the bottle. Four 
magnets could be rotated continuously for months by 





one motor. One magnet was mounted at the end of a 
vertical motor shaft, while each of the other three was 
mounted on a vertical shaft rotating in ball races. The 
four magnets were set in line and with a minimum 
separation of about } in. so that the interaction of 
their magnetic fields caused all the magnets to rotate 
when one of them was driven by the motor. A 
synchronous motor with continuously variable cone 
drive transmission was used for this purpose. A 
minimum speed of about 200 r.p.m. was needed for the 
magnets to synchronize with each other: if a much 
higher speed was required, say 1,000 r.p.m., it was 
necessary to synchronize the magnets at about 300 
r.p.m. before increasing the speed gradually to the 
desired value 

Even at stirring speeds of 1,000 1 p.m. the tempera- 
ture of aqueous solutions in sealed bottles was raised 
by only about 0-1C.” If the bottles were open, however, 
the solution temperature was found to be at least 0-5¢ 
below the control temperature, even when this was as 
low as 25 C. and beakers of water were placed in the 
box to raise the humidity. 


A MODIFIED ANTI-COPROPHAGIC CUP 
by B. H. Doell, M.Sc., A.R.LC., and L. M. Bowler 


Research Department Bovril Ltd., 148 Old Street, London, E.C.\ 


Introduction 

The rat practises coprophagy (eating of faeces) even 
when caged on a wire mesh grid. This is a matter of 
some importance as the results of rat experiments are 
so often applied to human nutrition. 

A successful tail-fixing cup to prevent coprophagy 
was described by Barnes ef al. (1957). With the aid of 
this device the effects of the ingestion of faeces on the 
nutritional needs of the rat have been studied 





Fig. 1. Components of the modified anti-coprophagic cup. 
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The device consisted of a polythene cup which fitted 
over the rat’s tail root and anus and which was protected 
from the animal's teeth by brass shim metal and 
covered overall by a length of wide rubber tubing (cycle 
inner tube). The cup was held in position by a piece of 
felt fixed by skin adhesive and a piece of adhesive tape 

Although, in our experience, the device traps faeces 
satisfactorily, certain difficulties have been encountered 
Occasionally cups slipped off or were removed when the 
animal gnawed away the rubber sleeve and the retaining 
adhesive tape. More often, repeated removal of the tape 
to empty the cup caused serious damage to the tail 

An all-metal cup has been devised which is proof 
against the rat’s teeth and accidental removal, and which 
can be emptied without removal from the animal. In 
addition the device is lighter than the Barnes cup 


Materials and Manufacture 

Cup.—This is made from a 5S = 27 mm. spun alumin- 
ium, screw-capped tube (Metal Box Co. Ltd.). A 4 in 
hole is drilled in the closed end and enlarged by 
reaming with a centre punch to give a hole large enough 
to take the rat's tail, and with smooth round edges. A 
window | in. square is cut in the side by making two 
parallel transverse cuts with a hacksaw and removing 
the isolated metal by bending in and out when paralle! 
fractures complete the square. The threaded end of the 
tube is bent over to give a round surface. All rough 
edges are smoothed off (Fig. 1) 
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Fig. 2. The device in position on a young male rat. 


Outer sleeve.—The outer sleeve consists of a 4 in. 

24 in. piece of aluminium sheet (30 S.W.G., 0-013 in.) 
with a | in. square window cut in one edge. By suitable 
positioning the inner window can be closed to trap 
faeces, opened to empty the device, or left open to 
provide ‘controls’. 

Clip.— ‘Terry’ clip No. 81/3. 

Rubber stops.—These consist of pieces of pressure 
tubing 4 in. long, 4% in. bore, ¥, in. wall, cut longitud- 
inally into two pieces, each slightly less than half a 
cylinder. Vertical edges that are to bear on the rat’s 
tail are cut flat. 
Adhesive.—Evo-stik 
(Evode Ltd.). 
Adhesive tape.—4 in. 
plaster B.P.C. 

Fixing the cup.—The rat’s tail and the inner side of 
two rubber stops are smeared with adhesive and 
allowed to dry for about 15 minutes. It is sometimes 


‘Impact’ household adhesive 


14 in. strips of zinc oxide 


A Simple Pipette 


for the Transfer of Small Quantities 
of Mercury 


by D. C. Cornish, Ph.D. 


Department of Chemistry, British Scientific Instrument 


Research Association, Chislehurst, Kent 


HE filling of mercury contact tubes from a beaker 
or by means of a drawn-out pipette is frequently 
difficult to accomplish without spilling. The pipette 
illustrated in Fig. 1 enables the transfer of small 
quantities to be carried out without this danger. 
The pipette is filled by sucking mercury into the 
reservoir from a small beaker. It is necessary to squeeze 
the rubber teat several times to achieve this, and the 
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necessary to apply a second coat of adhesive to the tail. 
The tail is threaded through the cup, which is pressed 
against the rat’s body. The prepared rubber stops are 
then pressed firmly against the rat’s tail close against the 
aluminium cup, and a strip of adhesive tape bound 
lightly round them. The aluminium sleeve is slipped over 
the cup and clipped in place with a ‘Terry’ clip (Fig. 2). 
Should the device become loose due to the rubber stop 
moving slightly before the adhesive had finally set or 
because the rat’s tail has grown, then a tight fit can be 
restored by inserting additional stops, of suitable length, 
between the original one and the cup. Male rats of 
about 100 g. weight have been mainly used in our 
experiments and in animals of this size the scrotum is 
included inside the cup. The device works equally well 
with female rats 

Our experiments are usually of two weeks duration 
and the cups have been kept in position without failure 
for this period on over 100 animals. Only one sore tail 
has been encountered. There seems to be no reason 
why much longer periods should not be possible. 

The device is large enough to contain all the faeces 
passed during a weekend. 
Housing animals.—Animals used in coprophagy experi- 
ments are most conveniently housed in cages from 
which the wire screen had been removed. A double 
sheet of filter paper is placed on the bottom of the cage 
and covered with a well-fitting sheet of perforated zinc. 
This procedure had the advantages that urine is soaked 
up rapidly by the filter paper and the latter is protected 
from the rat’s teeth. 
Name.—Anti-coprophagic cup’ is not a particularly 
convenient name. A more suitable and acceptable 
possibility is “faecollector’. 
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Fig. 1. 

capillary inlet is then emptied by gentle pressure before 
the pipette is removed from the beaker. Delivery of the 
mercury is carried out by tilting the pipette so as to 
fill the neck and then squeezing the bulb until the 
required quantity has been expelled. With careful 
tilting and manipulation the delivery can be controlled 
in a dropwise manner. If a larger teat is used the pipette 
can be scaled-up for use with larger quantities. 
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GLASS TECHNOLOGY FOR EXPERIMENTAL GLASSBLOWERS 


HE eleventh one-day Colloquium on Glass 

Technology for Experimental Glassblowers was 
held by the Ministry of Aviation in London on 
Wednesday, April 19. By kind permission of Sir 
Christopher Ingold, F.r.s., the colloquium was held in 
the Chemistry Department, University College, Gower 
Street, London, W.C.1. 

The following programme had been arranged by 
Mr. I. C. P. Smith, B.Sc. , F.S.G.T.: 

‘Burners for Glassblowers’ by Mr. N. Payne of 1.C.1. 

Plastics Ltd. 

‘Sintered Filters’ by Mr. I. C. P. Smith, B.Sc. , F.S.G.T. 
of E.R.D.E. 

‘Molecular Stills’ by Mr. P. Ridgeway Watt of the 
Walton Oaks Experimental Station of Vitamins 
Ltd. 

Mr. Payne started his talk by briefly referring to the 
earlier records of lampworking of glass in the 18th 
century. The source of heat was an oil lamp with a jet of 
air directed across it to provide a flame whose size and 
direction could be varied according to the size of the 
jet, its placing relative to the flame, and the pressure of 
air supplied. The air supply came from the operation of 
a large pair of leather bellows of a similar kind to 
those still in use by some farriers. The practice of 
blowing a jet of air across or through a luminous flame 
was still used by bench glassblowers until recent times. 
The next development was the burning of the gas at the 
end of a tube, and feeding the air into the flame from a 
smaller tube placed inside and concentric with the 
gas tube. This produced the well-known blast burner 
or cannon burner, this burner and its variants was still 
the most commonly used burner for bench glassworking. 
These burners were satisfactory for the working of the 
soda-lime or ‘soft’ glasses, but in recent years there had 
been a great increase in the use of the borosilicate 
glasses, and therefore the need to increase the flame 
temperature by adding oxygen to the air supply of the 
burner. This type of burner was capable of providing 
a very wide range of flame sizes, and although for 
some sizes the flame produced might be somewhat 
ragged, it covered practically the whole of the range 
necessary for normal working, only needing to be 
supplemented very occasionally by a special burner for 
a specific operation. The great disadvantage of this type 
of burner was the noise it made when oxygen was 
added to its air supply and if several of these burners 
were being used together the noise became unbearable. 
Many people had therefore attempted to design a 
silent or nearly silent burner. There has been in existence 
for a long time a near silent type of burner of the 
premix type. In this burner the gas and oxygen or air 
are premixed in a mixing chamber and then led to the 
burner, which is constructed with a large number of 
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small holes or a grill. The gas burns quietly and at a 
high temperature on this grill. This type of burner 
provides good flame characteristics, but is inflexible as 
the flame can only be altered between very narrow 
limits. Another type of burner which gives a nearly 
silent flame is the surface combustion burner, in this 
type of burner the nozzle consists of a multiplicity of 
small orifices at which a mixture burns fairly quietly 
with a hot flame. It is difficult to design means of 
readily adjusting the flame size on this type of burner, 
and it is also extravagant in consumption of oxygen. 

The usual way of attempting to combine the virtues 
of the premix burner and the cannon fire is to have a 
premixer connected to a rotatable turret, on which is 
mounted a range of jets so that the size of the flames 
produced can be widely varied. Mr. Payne then 
demonstrated in turn a blast burner of a type which was 
familiar to all the members of the audience, and then 
six different burners of the premix type each embodying 
the rotating turret principle, offering useful comments 
and opinions on each one. Briefly mentioning burners 
for glassworking lathes, and describing some recent 
developments in this field, he concluded his talk by 
reminding the audience that the potential market for 
bench burners for glassblowing was relatively small 
Therefore it was unreasonable to expect burner manu- 
facturers to carry Out a great deal of research in such a 
field where they had very little chance of recouping 
their costs. It was up to glassblowers themselves to 
carry out development work to design and produce a 
prototype burner which would satisfy their needs, then 
to find a burner manufacturer who would produce it at 
an economic price. 

A very lively and protracted discussion then ensued 
in which a large number of the audience took part. 

Mr. I. C. P. Smith made some good points about the 
design of burners, The desirability of the correct 
internal profiles of the jets to ensure a smooth stable 
flame, and the provision of really suitable control 
valves for the gases were two items mentioned. 

A great deal of discussion centred around the noise 
problem, one speaker reporting he had become com- 
pletely deaf in one ear through using a blast burner over 
a long period, and several others reported partial loss 
of hearing. Much could be done to reduce the effects of 
the noise by suitable acoustic linings to the glassblowing 
workshop, but it was generally agreed that the real 
solution lay in reducing the noise at the source by the 
use of silent or nearly silent burners. Other topics 
discussed were burners of American origin: one member 
of the audience produced one made in the U.S.A. and 
said he found it very satisfactory in use. The use of both 
coal and natural gas at a much higher pressure in 
U.S.A. could explain the failure of some American 
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burners to come up to the performance expected of 


them for some were designed to work at gas pressures 
as high as 5 Ib. per square inch. 


Sintered Filters 
In his talk on sintered filters Mr. Smith gave a very 
thorough review of the whole field of sintered glass 
filters. He started his talk by showing some photo- 
micrographs of the glass powders used in the production 
of the filters. He then showed how the ratio of the 
aperture or pore size of the filter to the grain size could 
be calculated and how the sieve sizes necessary to 
produce a given grain size could be worked out. A 
detailed description of the apparatus used for grinding 
the glass to powder was then given. This apparatus 
consisted of a specially designed ball mill in which the 
lumps of glass to be ground were placed. It is extremely 
important that the properties of the finished discs 
should match the parent glass very closely as they have 
to be sealed into tubes and moulded forms. If there is a 
mismatch between them then great difficulty will arise 
in the annealing process and it may well prove im- 
possible to prevent cracking of the sealed in discs. Dried 
air is passed through the mill and is also used to 
elutriate the powder. The air is then recycled through 
the apparatus, this dried air being necessary to prevent 
clogging and adhesion of the finer particles. The 
humidity of the air must be controlled, for if the glass 
particles are absolutely dry then trouble is experienced 
with electrostatic effects. The mechanics of the sintering 
process were then explained. The object of the process 
was to obtain adequate adhesion between the particles 
without overmelting producing ‘necking’ between them 
Sintering at too high a temperature or for too long a 
time can lead to overmelting, ‘necking’ and a consequent 
reduction in the ratio of pore size to grain size, and 
therefore of the porosity of the finished disc. Various 
materials had been used as moulds to contain the glass 
powder, such as stainless steel, fused silica, and special 
metal alloys. Some release agent has always to be used 
between the filter and the mould. The behaviour of the 
powder during sintering varies according to its grain 
size, coarse powders expanding and finer ones shrinking 
With the very fine filters of number 5 porosity, it is 
usual to make up a composite filter consisting of number 
5 sintered on to a number 3. The number 3 provides the 
mechanical support for number 5, which would not be 
strong enough to withstand atmospheric pressure when 
evacuated on one side. The production of these fine 
filters (number 5 has a pore size of up to 2u) poses 
special problems. The fine powder is mixed with some 
organic medium which will burn out in sintering. The 
mixture is first evacuated to remove bubbles, then 
spread evenly as a paste on the number 3, which has 
been partially sintered previously. The final firing 
operation must be carried out extremely carefully. Mr 
Smith also described the methods of production of 
special filters such as curved filters used in large 
diameter Buchner funnels and thimble type fiiters. He 
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also briefly described the methods of manufacture of 
sintered ceramic filters and sintered metal filters 


Molecular Stills 


Mr. Ridgeway Watt explained that many compounds 
which have high molecular weights say up to about 
1,000, and boil at relatively high temperatures in the 
pressure range of 20 to 760 mm. Hg., are so susceptible 
to decomposition when heated that they cannot be 
distilled successfully. The only means of distilling them 
is to reduce the operating temperature to a relatively 
low figure, by reducing the pressure in the still to a very 
low value of about 10-4 mm Hg. When the pressure 
above a substance is of this order phenomena different 
from orthodox boiling appear. Ebullition, in which 
bubbles of vapour are evolved from the body of a 
liquid, does not occur. If the mean free path of a mole- 
cule in the vapour is greater than the distance between 
the evaporating and condensing surfaces, and if mole- 
cules which strike the condensing surface do not 
rebound and are not re-evaporated, then any molecule 
which leaves the heated surface cannot return. If the 
evaporating and condensing surfaces are sufficiently 
close together, the separation of mixtures can be effected 
at these low pressures by evaporative processes. The 
different molecules leave the hot liquid surface at 
rates depending on their relative molecular weights and 
vapour pressures. This is called molecular distillation, 
and using these methods vitamin A concentrates and 
high boiling petroleum fractions have been successfully 
distilled 

There are four different types of molecular still, the 
pot still, falling film, centrifugal and wiped film. The 
pot still is historically the first and simplest in con- 
struction. In practice a separation approaching the 
theoretical value is difficult to attain because the liquid 
surface becomes depleted in the more volatile com- 
ponent. If the distilland is spread out into a thin film 
this effect is minimized, the thin film may be obtained 
by allowing the material to flow under gravity, for 
example Taylor ! has described such a falling film still 
Hickman? has used centrifugal forces to spread the 
film. The latest development in molecular stills is the 
wiped film type, and in the speaker's opinion this type 
had completely superseded the falling film type. Mr. 
Ridgeway Watt then described a semi-micro molecular 
pot still with a range of 0-2 to 5 grams of distilland 
which was not novel in principle but had an interesting 
arrangement 3. He then showed the parts of a complete 
still of the wiper type, and described with the aid of 
slides its construction and operation. In this type of 
still, the evaporator rotates while the condenser con- 
sists of a static assembly of five truncated metal cones 
running co-axially down the centre of the evaporator4 
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BOOK REVIEWS 


XVIIth International Congress of Pure and Applied 
Chemistry, Munich 1959; Volume I, Inorganic 
Chemistry. London: Butterworths. Weinheim: Verlag 
Chemie GmbH. 1960. pp. 341. 63s. 

The main subject of this Congress was inorganic 

chemistry and in this volum: the plenary lectures and 

the main subject lectures on this topic are collected 
together. The period since the war has seen a resurgence 
of interest in preparative inorganic chemistry, stimu- 
lated by the wide availability of powerful physical 
m2thods of structure determination, such as infra-red 
and nuclear magnetic resonance spectroscopy, and the 
desire to test the predictions of valency theory. 
Organomstallic compounds, hydrides and fluorine 
compounds are the subject of much current synthetic 
work ; reactions in non-aqueous solvents are increasingly 
exploited. In addition the actinide elements have 
become available, ultraviolet and mass spectroscopy 
have greatly extended the scope of investigations of the 
species present in gases at high temperatures, and solid 
state studies have awakened interest in the preparation 
of extremely pure metals and compounds. The 19 papers 
of this volume give an excellent conspectus of work in 
these fields occurring throughout the world. Of course, 
the whole of inorganic chemistry is not represented; 
for instance, those primarily interested in the study of 
complex ions or in analysis will need to look elsewhere. 
The book is very well produced.—). E. PRUE. 





Organometallic Chemistry (ACS Monograph No. 147), 
edited by H. Zeiss, New York: Reinhold; London: 


Chapman and Hall. 1961. pp. xiv 549. 140s. 

It is made clear in the preface to this book, if not in the 
title, that it is not a comprehensive survey of organo- 
metallic chemistry. It is a series of summaries on a 
variety of topics involving organometallic compounds. 
Often these topics are quite unconnected with the 
remainder; indeed, in the fascinating contribution by 
R. Huisgen on ‘Benzyne Chemistry’ the role of the 
organometallics is secondary. In the other nine sections, 
J. W. Richardson discusses ‘Carbon-metal bonding’; 
H. D. Kaecz and F. G. A. Stone, *Vinylmetallics’; 
H. C. Brown, “Organoboranes’; K. Ziegler, ‘Organo- 
aluminium compounds’; H. Gilman and H. J. S. 
Winkler, ‘Organosily! and organogermy! compounds’ ; 
P. L. Pauson, ‘Cyclopentadienyl-metal compounds’; 
H. Zeiss, ‘Arene complexes of the Transition metals’; 
G. E. Coates and F. Glockling, “Transition metal 
alkyls and aryls’ and J. Chatt, P. L. Pauson and L. M. 
Venanzi ‘Metal carbonyls and related compounds’. 

All these sections represent topics of great current 
interest; all are well done and are, moreover, readable 
accounts of the subjects chosen. One emphasis is laid 
on discussion of reaction mechanisms and structural 
implications so that the tendency which many mono- 
graphs show towards being mere collections of reaction 
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data is not apparent with this work. The book can be 
recommended to all chemists whether working in this 
field or not as an excellent summary of modern trends. 
It is, however, a great pity that the subject index is so 
poor; it is much shorter than the Table of Contents 
and does not fulfil the purpose for which indexes are 
compiled. Editors and publishers have a duty to 
provide an adequate index, especially in high-priced 
books; in this case that duty has been neglected. 
G. M. DYSON. 


The Technique of Photomicrography, by Douglas F, 
Lawson, F.1.B.P., F.R.P.S., F.R.M.S., F.Z.S. London: 
George Newnes Lid. 1960. pp. 256 xvi. 55s. 

It is not many years since photomicrography was 
practised by only a few scientific experts and a small 
number of enthusiastic amateurs using their ordinary 
equipment plus their home-made gadgets for connecting 
camera and microscope together. Now almost every 
research laboratory uses photography for producing 
permanent records with the microscope, and specialized 
equipment may be purchased ranging in cost from less 
than a hundred pounds to thousands of pounds. 

The work turned out by these establishments is 
however in many cases poor or indifferent to bad. This 
is no doubt due in many cases either to the micro- 
scopist having no real knowledge of photography, or 
the photographer having a very limited knowledge of 
the optics of the microscope. In my opinion, Mr. 
Lawson's book should prove of great value in helping 
to correct this state of affairs. 

The work consists of a foreword by Dr. John 
Farquharson, F.R.1.c., Managing Director of Beechams 
Research Laboratories Ltd., a Preface by the author, 
14 sections on the microscope, camera, and various 
techniques and also a section on mounting and staining, 
with a glossary of terms and a very useful bibliography 

Mr. Lawson introduces his subject with a section on 
photomacrography which bridges the gap between 
straightforward photography and photomicrography. 
Here much useful advice is given on inexpensive 
equipment. When dealing with more expensive 
apparatus, however, no mention is made of the Leica 
reflex housing with bellows which is capable of giving 
up to six times magnification, and is a very useful piece 
of equipment. A great deal of information is given on 
illumination, filters and sensitive materials. There is 
also described a method for macrophotography by 
projection, and details are given of a method of 
illumination for translucent material designed by the 
author. 

Sections 3, 4 and 5 deal with the various parts of 
the microscope, together with its care and maintenance, 
and form a most valuable part of the book. However, 
the reviewer is not happy with the suggestion that a 
centering mount for the substage condenser can be 
omitted. It is true that for a lot of work it is unnecessary, 
while the illustrations prove the author's point that he 
can do without one, but few if any of the leading 
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instrument manufacturers would now supply an 
achromatic condenser without such a mount. A great 
deal of the most practical information is given on 
microscopic optics, the condenser system being given 
a section to itself, and very rightly so, since it is in the 
correct use of this part of the microscope that so many 
workers fail. 

Four sections are devoted to the subject of illumina- 
tion. A number of illuminants, including electronic 
flash and infra red are described in detail, with notes 
on their advantages and disadvantages, and information 
is given on dark field work, the use of filters and phase 
contrast and interference microscopy 

Further sections cover various types of camera 
equipment, stereoscopic photomicrography, and the 
use of flashlight photomicrography. The photographic 
processes, including colour, are briefly described and 
cover a number of the well-known manufacturers’ 
products. 

An outstanding feature of the work is the profuseness 
and diversity of the illustrations, the value of which is 
even further enhanced by the technical data appended 

Mr. Lawson’s book is indeed a most valuable 
addition to the literature for the photomicroscopist. 
NORMAN GRUBER. 


Tools of Biological Research (Second Series), edited by 
Hedley J. B. Atkins, D.M., M.Ch.Oxf., F.R.C.S.Eng., 
Hon.F.A.C.S. Oxford: Blackwell Scientific Publications 
1960. pp. 175 xii. 37s. 6d. 


The Second Symposium on ‘Tools of Biological 
Research’ given before members of the Surgical Re- 
search Society has been permanently recorded in this 
volume. The additional techniques treated therein 
comprise: Electron Spin Resonance Spectroscopy, 
Electroencephalography, Paper Chromatography, the 
Ultracentrifuge, X-Rays, Fluorescent Antibody Tech- 
niques, Phonocardiography, Vectorcardiography, the 
Cathode Ray Oscillograph (particularly in Electro- 
myography) and Microradiography. 

Postgraduate workers in many biological fields 
besides surgery will find much of interest in this 
compilation. Several of the techniques, indeed, are 
more likely to be useful to the biochemist or physiologist 
than the surgeon. 

The ten specialist authors have, without exception, 
produced first rate introductions to their subjects 
Explanations, illustrations and examples of the practical 
application of the methods are clear, unambiguous and 
devoid of unnecessary frills. References are generally 
not exhaustive but appear to be well selected as a 
guide to deeper understanding of the specific techniques. 

The unobstrusive hand of the editor is sensed in the 
uniformly high quality of the entire work. Only one 
typographical error was noticed (p. vii, 1.7) wherein 
the editor makes a rather pleasant, though doubtless 
unintentional, pun when acknowledging financial 
assistance from the ‘Welcome’ Trust! 

Although one feels that the price is somewhat high 
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for a book of this size, the printing, the paper and the 
informational contents are of such excellence that the 
project is well worth while for, apart from items of 
specific practical applicability, such anthologies of 
science provide inspiration, stimulate co-operation 
between workers in different sciences and also help to 
counteract the stultifying effects of narrow specializa- 
tion.—G. F. H. WHITNEY 


Biochemistry of Steroids, by Erich Heftmann and Erich 
Mosettig. New York: Reinhold Publishing Corpora- 
tion, London: Chapman and Hall Ltd. 1960 pp. 231 

xi. 55s. 


This volume, which comes from the same publishing 
house as the Fieser’s ‘Steroids’, is intended to cover the 
main aspects of the biochemistry of the steroids 
without the limitations of detailed and academic 
steroid chemistry. The authors have sought to provide a 
readable text for workers in allied sciences whose 
subjects impinge on the steroid field and to achieve 
simplicity and comprehensibility have presented the 
material in unorthodox form. References, names of 


authors, tables, diagrams and footnotes have been kept 
to a minimum in order to bring flow-sheets and formulae 
into close juxta-position with pertinent text. To off-set 
the lack of text references an excellent modern biblio- 
graphy provides, chapter by chapter, reading for the 
student and the specialist; this bibliography runs to 45 
pages and is a major feature of the book 


The sequence of chapters is unexpected and the 
claim that the arrangement promotes understanding of 
the biogenetic relationships can only be justified to a 
limited extent. Adherence to a standard form in the 
presentation of comparable chapters has made for easy 
understanding and has improved the value of the book 
for reference. The chapters on the steroid sapogenins 
and the cardiac glycosides make a noteworthy con- 
tribution to a book which maintains a high standard 
throughout. Possibly because of the many specialists 
who have reviewed sections of the manuscript, the text 
is factual and reliable and the print singularly free of 
typographical errors. The book can be recommended 
and may be bought by newcomers to the steroid field 
but it is likely to be retained by many others as a 
convenient source of reference and as a guide to the 
literature.—A. E. KELLIE 


Separation and Identification of Food Colours permitted 
by the Colouring Matters in Food Regulations 1957. 
London: The Association of Public Analysts. 19€0 


pp. vi 31. 2Is 
The Association of Public Analysts was rightly con- 
cerned about the identification of colours permitted 
under the Colouring Matters in Food Regulations and 
appointed a Committee to enquire into the best methods 
of ensuring that the Regulations could be properly 
enforced. The results of the work of this Committee are 
embodied in a small report which gives working details 
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for those laboratories not entirely conversant with the 
extraction of a colour from a food or with its subsequent 
identification. 

Normally the Public Analyst is not concerned as 
much with the actual identification of a prohibited 
colour in a food as he is with ensuring that any colour 
is a permitted one as distinct from a non-permitted one, 
but it is practically impossible to achieve the latter 
without carrying out the former. Fundamentally the 
technique followed is that of obtaining a solution of the 
colour with as little interfering material from the food 
as possible, e.g. starch or protein, extraction of the 
colour from this solution on to wool in acid, or 
alkaline solution, stripping with weak ammonia or acid, 
purifying by paper chromatography, and then, if 
necessary, carrying out further tests, such as examina- 
tion under ultra-violet light, the effects of dilute or 
strong acids and alkalis and when essential, examining 
a solution of the colour using an ultra-violet absorption 
spectrophotometer. 

Guidance is given so that natural impurities in the 
colours are not reported as prohibited colours. This is 
a most important point to be stressed.—T. McLACHLAN. 


Annual Reports on the Progress of Chemistry for 1959, 
Vol. LVI. London: The Chemical Society. 1960 
pp. 476 vi. £2 

In some measure One experiences a sense of awe when 

preparing to review this work. Here, in relatively few 

pages, is contained the pure distillate of one year’s 
chemical efforts brought together by 32 chemists who 
have explored, rejected and accepted the chemical 
literature of the world for 1959. It is recognized that 
our experts must, for reasons of space, limit the scope 
of their annual reviews which may not therefore be 
wholly comprehensive. Nevertheless to gain some small 
idea of where the world is going in the science of 
chemistry, it was considered of interest to compare 

these present Reports with their counterparts of 20 

years ago. 

The Reports for 1939 had something to say on 
Radioactivity and Sub-Atomic Phenomena. Mention is 
made of the discovery of an outstanding feature 
‘nuclear fission’ with the possibility of liberation of 
energy “on a large scale’. In 1959 the Report Radiation 
Chemistry covers the radiolysis of liquids and gases, 
saturated hydrocarbons having received special atten- 
tion in this field. The section General and Physical 
Chemistry was in 1939 concerned with structure and 
molecular forces in liquids, chemical kinetics and surface 
chemistry. An excellently written Report for 1959, 
Electrochemistry, treats of our much fuller under- 
standing today of ion hydration in solution. Reaction 
kinetics are still of interest in the present work with, 
needless to say, abundant mention of the now universally 
accepted free radical. New techniques now permit the 
study of certain very fast steps in chemical reactions. 
Under Inorganic Chemistry in 1939 such items as the 
higher fluorides of carbon, iodides of some of the then 
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rarer elements (tantalum, columbiun, titanium and 
vanadium), extensive studies on the rare earth elements 
and reactions in non-aqueous solutions made the news. 
The present Reports treat, under this section, the 
numerous organo-metallic compounds recently studied 
and present knowledge of structure in inorganic 
chemistry, e.g. sulphate ion contains two types of S-O 
bond and calcium carbide contains an acetylide ion. 
Many new compounds of the transition elements have 
recently been prepared and interest is still shown in 
reactions in non-aqueous solutions. 

What of organic chemistry in the past 20 years? 
Reaction mechanisms were much discussed in 1939, an 
understanding of the Hofmann, Lossen and Curtis 
Rearrangements being sought and the peroxide effect 
being much studied in the reactions of various chemicals 
with olefinic and acetylinic groups. In 1959 Electrophilic 
Aromatic Substitution has been reviewed as has the 
evidence for the existence of the carbonium ions. In 
this connection mention is made of the need to differen- 
tiate between the property of an ionizing solvent to 
assist ionization and its property to sustain dissocia- 
tion. Stereochemistry discusses systems of nomen- 
clature for optically active compounds and mentions 
the need for organic chemists to go one stage further 
into physical chemistry and to consider entropy as well 
as energy of activation. As the alicyclic compounds 
become the more studied one wonders whether it is not 
high time for all chemists to represent the benzene ring 
with double bonds in order to avoid its confusion in 
formulae with cyclohexone. Alkaloids and Carbo- 
hydrates provide lasting problems for study, with the 
latter mention being made of the increasing biological 
importance of the amino-sugars 

Biochemistry in 1939 was swamped with papers on 
vitamins and nutrition. The conversion of 6-carotene 
to Vitamin A in the body is still in 1959 not fully 
understood. A reawakening of interest in the chemistry 
of the mineralized tissues during the past decade 
provides the reason for the present section on the 
chemistry of bone and tooth materials. Other sections 
deal with muscle-contraction and new amino- and 
imino-acids obtained from plants. Finally Analytical 
Chemistry which in 1939 dealt with chemical micro- 
scopy, the analysis of dusts and smokes and the rebirth 
of the now widespread technique of chromatography 
Over the past 20 years there have of course been 
profound advances in techniques and reagents in 
analytical chemistry. The 1959 Reviews mention the 
need for instrumental methods always to be based on 
chemical reactions which are fully understood since 
instrument readings can be completely misleading 
Words of wisdom indeed. A reading of this section 
emphasizes the need for all chemists concerned with 
analysis to make sure their techniques are not ancient by 
present-day methods. 

One must end as begun with high praise for the 
work of the contributors who each year in the Reviews 
produce a relatively small book, unique in its certainty 
of interest to all professional chemists.—a. S. FREEBORN 
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The Electron Microscope, by M. E. Haine, D.Sc. (Bristol), 
M.1.E.£., F.inst.P. (including a chapter written in 
collaboration with V. E. Cosslett, M.A.(Oxon.), M.Sc 
(London), Ph.D. (Bristol). London: E. & F. N. Spon 
Ltd., 1961, pp. 282 + xvi, 55s. 

This is a simplified introduction in ten chapters to the 

electron microscope. Chapter | deals with the properties 

of electron lenses. It is admirably illustrated and any 
necessary mathematics used is simple. Aberrations are 
compactly reviewed and in all this is a useful simple 
20-page survey of what is really a complicated matter 

Chapter 2 considers wave propagation and coherence 

and is likely to be largely skipped by biological electron 

microscopists; indeed little harm would be done in 
doing so. 


Chapter 4 deals with the formidable problem of 


image contrast as linked to electron scattering and 
for simplicity the mathematical treatment here is 
largely a matter of quoting formulae laboriously arrived 
at elsewhere. 

From Chapter 5 onwards we come to practical 
operations, and resolution, stability and testing methods 
are reviewed. Chapter 6 is devoted to the electron gun 
While this is, of course, important in the instrument 
design, most users of the electron microscope will be 
apt to take for granted this part of the equipment. This 
is a chapter likely to interest only those engaged in the 
production of electron microscopes and as the author is 
director of research at an A.E.I. laboratory this 
especial interest is to be expected. Chapter 7 briefly 
reviews methods of recording the image. 

In treating of instrument design the features described 
are those mainly of the Metropolitan Vickers E.M.6 
This restriction to one kind of instrument is a severe 
drawback in treatment. This is after all not a brochure 
for the E.M.6 but a text-book, and such a narrow 
restriction to the product of one manufacturer is to be 
deplored. This is the largest chapter in the book 
(57 pages) and the absence of reference to any of the 
other admirable instruments available creates an 
unfortunate impression. If a second edition is to be 
called for (the book deserves this) it is to be hoped that 
an equally large chapter will be added describing other 
electron microscopes, especially in so far as they differ 
from the E.M.6. 

Chapter 9 contains a brief, indeed rather superficial, 
review of electron reflection, electron diffraction, 
electron probes and scanning techniques and only a 
mention of such things as the point-emission micro- 
scope. It offers virtually no help to the reader 

Chapter 10 on specimen techniques (in collaboration 
with Dr. Cosslett) will be read eagerly by all practical 
electron microscopists. It is packed tight with valuable 
‘know-how’ and admirably illustrated 

Apart from the genuine weakness of restriction to 
only a single type of microscope, this is a good practical 
and well illustrated book, and we welcome its appear- 
ance. The price is rather fierce, an unfortunate current 
tendency.—-S. TOLANSKY 
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Natural Gas and Methane Sources, by James Lawrie 

London: Chapman & Hall, 1961. pp. 204 + xiv. 35s 
The production of natural gas is expanding rapidly and 
it is becoming an increasing factor in the total energy 
markets of the world. This is being facilitated by im- 
provements in its distribution either as a gas by pipeline 
or as a liquid by tanker. Other sources of methane are 
available from coal mines, bacterial decomposition of 
sewage Or farm wastes and it can also be separated 
from coal treating and oil cracking processes. With the 
increasing availability of methane it is also being used 
more extensively for the production of chemicals such 
aS ammonia, urea, methanol, acetylene and carbon 
black. It is therefore timely that a book should be 
produced surveying the whole of this field and bringing 
together the latest information on the subject. It is an 
entirely newly written book and is not a revision of 
Dr. Lawrie’s ‘Methane, Its Production & 
published in 1940 

It is a pity, therefore, that the present volume suffers 
from a rather scrappy presentation and a lot of minor 
inaccuracies. The part of the book dealing with the 
production of methane by mine drainage is good but 
some of the information on natural gas is not well set 
out and, moreover, the use of different units leads to 
confusion. For example, on page ten the estimated 
known world reserves of natural gas are given as 
20,000 million M> excluding the recent discoveries in 
the Sahara and Mexico but the 1957 marketed produc- 
tion in the U.S.A. alone is given as 10,680 billion cu. ft 
(p. 40). Assuming the American billion is used (10°) 
one year’s production appears to be greater than the 
known reserves. Similarly Alberta in 1956 is stated to 
have recovered 146,133,713 million cu. ft. of gas but 
the 1956 reserves were only 18,300 billion cu. ft. (p. 43) 

Chapter 6 gives the natural gas position in the 
different countries of the world but Iraq and Persia are 
dismissed briefly as having fertiliser plants based on 
natural gas but no mention is made of their large gas 
reserves, although reference is made later in the book 
to the Bechtel scheme for large-scale transmission of 
natural gas by pipeline from Irag across Europe. No 
mention is made of Pakistan which has a large gas 
field (Sui) 

In dealing with towns gas the author takes a very 
parochial view when he states that if methane is used 
in towns gas it is necessary to reform it to reduce the 
calorific value. Natural gas is used without reforming 
or dilution in the U.S.A 

The author has used a new unit of pressure, kg./cu.m 
(p. 98) and in France gas is apparently purchased by 
the square metre (p. 184) but the chemistry has suffered 
most—urea is given as C¢ NH ;)> (p 162), water and 
CO, apparently react to give methane and water 
(p. 72), while atomic hydrogen turns up on p. 8 and p 73 
This is obviously due to inadequate proof reading 
which is already apparent from the frontispiece and list 
of illustrations which refer to ‘La Plaz’ field instead 
of ‘La Paz’. It is to be hoped that these and other errors 
will be corrected in any new edition.—M. A. MATTHEWS 


Uses’ 
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NEW INDUSTRIAL RESEARCH LABORATORIES 


THE McFADZEAN LABORATORY 


HE McFadzean Laboratory, named after the Chairman 
of British Insulated Callender’s Cables Ltd., is the latest 
addition to the Group's research facilities 

The scientific and engineering forces are subdivided into 
two main groupings—engineering and research. The 
engineering group has laboratories located in every produc- 
tion unit and the primary responsibilities of these laboratories 
are to exercise quality control in its broadest sense, to 
improve existing products, whether it be in the materials or 
the plant and processes which are used, to develop new 
products to the stage of final production, and to maintain the 
necessary technical contacts with customers and others. 

The Research Organization, which is concentrated in the 
Wood Lane laboratories, is responsible for carrying out 
such long-range experimental work as is necessary to feed to 
the engineering laboratories the information which they need 
to fulfil their shorter-range objectives, and to conduct basic 
research in fields of lasting interest, regardless of immediate 
applicability. In addition, the Research Organization 
provides central facilities in those cases where they are 
required by several factories but which demand such 
specialized personnel or equipment that a number of 
separate laboratories would be uneconomic or inefficient 
The Organization has ten experimental departments, each 
working in a well-defined field of science or technology, and 
four of these are housed in the new building; the others are 
in other buildings on the site. All these departments are 
supported by a works engineering group with its com- 
prehensive workshops and machine shops. 

The McFadzean Laboratory is a six-storey building 
providing 64,000 sq. ft. of floor space and accommodates the 
Instrumentation and Control Department, the Physics 
Department, British Dielectric Research Limited (a Group 
subsidiary for research on capacitors), the Diffraction and 
Microscopy Department and, in addition, the electronic 
computer which is an important part of the facilities of the 
Mathematics Department, the main offices of which are 
elsewhere. Also, the laboratory contains the drawing office, 
the photographic section, the main conference room, a 
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lecture room, some administration offices and catering and 
social facilities 
These departments were selected as those which most need 
the atmospheric conditions provided by the complete air- 
conditioning of the new building but which do not need 
extensive provision for chemical research (which is carried 
out in other buildings). However, to permit limited chemical 
or physico-chemical work, the east wing of the building is 
equipped with chemical drainage and fumes extraction 
The laboratory has a complete basement which, besides 
having accommodation for the storage of records, the 
electrical sub-station, refrigeration and space-heating plant 
and the automatic telephone equipment, provides a large 
space to be used for life-testing and similar long-term tests 
which need only occasional supervision 
The ground floor contains the entrance vestibule and the 
conference room but is otherwise wholly occupied by the 
Instrumentation and Control Department. This department 
is one of those which provides a centralized service to the 
Group and is responsible for 
(a) developing novel measuring devices, mainly for use in 
the factories in non-destructive quality control testing; 
(b) designing and constructing complete schemes of 
instrumentation, using either specially developed or 
conventional equipment ; 
devising automatic production equipment to replace 
and improve upon existing manual control methods, 
to improve product quality or to economize in 
material usage 
The Physics Department occupies the whole of the first 
floor and nearly all of its work is of a long-range nature and 
largely concerned with the dielectrics used for power cables 
of all descriptions. The most important topic, and one in 
which studies have been in progress for very many years, is 
research into the properties of dielectrics for very high 
voltage cables and the department is very well equipped for 
this purpose. With oil-impregnated paper dielectrics, for 
example, studies commence with the manufacture in the 
laboratory of the paper itself, which can then be tested in a 
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General view of the electronics laboratory. 


range of instruments, some specially designed for the 
purpose, before being built up into cable models in which 
it is possible to reproduce all the conditions to which a full- 
size cable will be exposed during its manufacture and 
service life. Of necessity, the department has its own high 
voltage testing equipment which is normally of adequate 
range but, if higher voltages or currents are needed, the 
larger facilities of the main High Voltage Department are 
available. 

There is a growing field of work in the possible use of 
plastics for high voltage cables but the advances which might 
still be made in the apparently less glamorous fields of low 
voltage insulation (rubbers, plastics and minerals, etc.) are 
not by any means overlooked and research programmes are 
in progress. 

The second floor is devoted to research on capacitor 
dielectrics, in the hands of British Dielectric Research 
Limited, which serves both the (¢ apacitor Division of 
B.1.C.C. and the Telegraph Condenser Company Limited, 
a B.I.C.C. subsidiary. The department has sections dealing 
with all types of capacitors—oil-impregnated paper, electro- 
lytic, metallized plastic, ceramic, etc.—and possesses 
equipment for manufacturing laboratory specimens of all 
kinds. It also has an extensive range of measuring facilities 
for the study of initial characteristics and life performance 
The work of the department appears at first sight to have 
certain similarities to that of the Physics Department, with 
which it collaborates as necessary, but there are actually 
essential differences between the requirements of capacitor 
dielectrics and cable dielectrics which account for differences 
in experimental techniques and methods of attack 

The third floor houses the Drawing Office, the Diffraction 
and Microscopy Department and the Photographic Section 

The Diffraction and Microscopy Department is concerned 
mainly with the fine structure of materials and provides an 
analytical service of this nature to all other departments of 
the Organization. It has its own research programmes, but 
these are mainly concerned with improvements in its own 
techniques. There are three main items of equipment. 

The X-ray micro-analyser is an instrument of recent 
development. The specimen which is being examined is 
scanned by an electron beam only one-thousandth of a 
millimetre in diameter. The X-rays which are generated, the 
wavelengths of which are characteristic of the elements in the 
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The X-ray scanning micro-analyser. 


surface of the specimen, are analysed and the results displayed 
either visually on the screen of an oscillograph as an “X-ray 
image’, or automatically recorded. This enables elements 
which are present only in minute quantity to be located and 
identified. The technique is especially valuable in metal- 
lurgical studies for the examination of segregates, alloying 
constituents, etc 

The X-ray diffraction camera is used in the identification 
of cry stalline elements or compounds and for the determina- 
tion of crystal orientation and texture. The techniques are 
all well established but the instrument remains one of the 
most versatile of laboratory tools. 

Lastly, the electron microscope has such resolution that it 
permits magnifications much higher than are possible with 
the optical microscope and it has, in addition, such depth of 
focus that stereo-techniques are readily applicable so that 
photographs may be produced in three-dimensional form 

The Photographic Section has many duties of a routine 
nature but it is also an essential part of the scientific facilities 
of the laboratories. Its extensive equipment includes high- 
speed cinematography, and photographic methods are 
frequently used for measurement purposes. 

The only laboratory on the fourth floor is that containing 
the electronic computer, which is used for mathematical and 
engineering design problems. The computer is particularly 
useful for the latter, because it has a much larger store than 
is usually needed for strictly mathematical purposes. One 
application which is readily understood and demonstrated is 
the calculation of the control requirements for installing 
heavy submarine power cables in deep water 

Other large projects which are in hand include the complex 
problem of designing minimum-cost overhead power line 
towers, and the calculation of the sag/tension data required 
in overhead line installation. 

The remainder of the fourth floor contains the kitchen, 
cafeteria and lecture room. 

The fifth floor is devoted mainly to staff amenities, whilst 
the partial sixth floor is used only for plant rooms for the 
ventilation and mechanical services 

The whole building may rightly be claimed to be convinc- 
ing evidence of the high priority given by B.I.C.C. to 
research as a means of ensuring the progressive development 
of its vast range of products in the service of the electrical 
engineering industry, at home and abroad 
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LABORATORY 
JQUIPMENT & APPLIANCES 


lon Exchange Techniques 


Two English chemists, as far back as 
1935, produced the first of the modern 
synthetic ion exchange resins. Due to a 
variety of reasons, not the least of 
which was the war of 1939-1945, the 
major development in this field took 
place in the United States. 

At the end of hostilities, it became 
evident to Mr. Ward, President of 
Crystal Research Laboratories Inc. of 
Hartford, Connecticut, U.S.A., that ion 
exchange techniques could find a wide 
application in the laboratory, pharma- 
ceutical and similar fields. It also 
became obvious to him that the normal 
method of application by column 
operation with regeneration in situ was 
not appropriate to those applications 
where smal! quantities of water were 
required and regeneration facilities were 
not easily obtainable. 

The obvious expedient of employing a 
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cartridge made of translucent or trans- 
parent material such as polythene, 
attached to a convenient receptacle for 
holding raw water was adapted for a 
variety of purposes which extended not 
only to cover laboratory and scientific 
fields in general but also into the realm 
of home application such as the topping 
up of electrical batteries and the feeding 
of steam irons and the like. The use of 
these simple devices has grown over the 
years in the United States and at the 
present time very large numbers of 
small de-ionizers, working on the 
principle of a polythene bottle attached 
to a cartridge, are sold. 

A newly formed subsidiary of Crystal 
Research Laboratories Inc.—Crystalab 
Ltd.—is now in a position to offer 
the complete range of Crystalab equip- 
ment to the British market 

For laboratory purposes the Deeminac 
is available. These vary in size between 
units capable of giving 24 gal. of treated 
water per cartridge to larger cartridges 
giving 9 gal. These figures are based on 
water of medium ‘hardness’ containing 
up to 140 p.p.m. dissolved solids (as 
calcium carbonate). Appreciating that 
the major cost of ion exchange equip- 
ment lies in the indicating means 
determining whether the water is 
suitable for use,the smaller units employ 
a colour indicator in the anion exchanger 
which gives positive indication of 
exhaustion by colour change. Since flow 
rate largely determines the purity of the 
water discharged through these cart- 
ridges and since exhaustion is progres- 
sive and therefore the observation of 
colour change is important, the smaller 
laboratory units are supplied with a 
stand so that the discharged water 
passes through the unit at a _ pre- 
determined rate, gives an effluent which 
falls within the B.P. specification for 
purified water. Apart from the applica- 
tion of purifying tap water, units of this 
description find ready means of treating 
ordinary distilled water which may not 
be of sufficiently high. purity for 
analytical purposes. In this case the 
bottles can take the place of the ordinary 
wash bottle. Cartridge life under these 
circumstances is very protracted 

The Deeminizer is a moderately 
priced, gravity fed, deionizer which 
incorporates a simple but efficient 
electrical means of indicating § the 
quality of the water passed through the 
unit. Two alternative reservoirs are 
offered: either the reservoir supplied 
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with the unit or the reservoir plus an 
ordinary | gal. capacity jug of the 
‘Squash’ type which can be fitted to the 
top of the unit. For the sake of con- 
venience the electrical indicating device 
is graduated in parts per million as 
sodium chloride but naturally this can 
easily be converted to any other scale 
required. It is mains operated and 
wound for 200-240 volt a.c. 50 cycle 
supply. As in the case of all Crystalab 
units the ion exchange resin cartridges 
are easily replaceable 

Realizing the need of a_ simple 
indicating device for monitoring the 
purity of distilled or deionized water 
Crystalab also offer the instrument 
alone so that it may be employed in any 
desired way 

For those applications where larger 
supplies are required with raw water 
feed directly from the mains at reason- 
ably high flow rates a special ion 
exchange unit working as the upward 
displacement method is offered in the 
Deemajet. This consists of a container 
filled with ion exchange resin containing 
a colour indicator, the water being fed 
in at the bottom and being dispersed 
across the whole area of the cartridge by 
means of a porous membrane. The 
colour indication is similar to that 
mentioned earlier. Regeneration facil- 
ities exist so that, where appropriate, the 
cartridges may be returned for regenera- 
tion. In addition facilities are offered for 
the regeneration of special resins where 
specific applications other than water 
deionization are required 
(Available from: Crystalab Ltd., Dell 
House Laboratory, Chalfont St. Giles, 
Bucks.) 


New Ultragraph Recorder 


Direct recording of high speed physical 
phenomena within the frequency range 
of d.c. to 5,000 c/s. is possible with the 
new ultragraph from the ABEM Com- 
pany of Stockholm 

Up to 14 independent channels are 
available for recording stress, strain, 
vibration, oscillation, displacement, 
pressure and temperature changes, or 
other related events capable of con- 
version to electrical voltage 

Designed for use in research and 
industry, the instrument incorporates 
ultra sensitive galvanometers, measuring 
only 75 mm. by 6°5 mm. in diameter 
which dispense with the need for 
intermediate amplifiers for many appli- 
cations. 

The Ultragraph employs a_ high 
pressure mercury vapour lamp, and 
recordings are made on u/v. sensitive 
paper; no processing is required and the 
traces print out almost immediately. 
(Sole Distributors in U.K., U.S.A., the 
Commonwealth and certain European 
territories: Smiths Industrial Division, 
Kelvin House, Wembley Park Drive, 
Wembley, Middlesex.) 
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The new digestor unit incorporated in the Technicon AutoAnalyzer system of 
continuous automatic chemical analysis. 


New Digestor Unit 

The introduction into the AutoAnalyzer, 
an instrumental system of continuous 
automatic chemical analysis, of a 
continuous digestor unit has recently 
been announced. This permits auto- 
matic analysis of nitrogenous com- 
pounds with a degree of reliability and 
reproducibility unobtainable by con- 
ventional methods. 

The new instrumental! system, applic- 
able to both reductive and oxidative 
types of digestion, completely eliminates 
the traditional stumbling block to 
automating Kjeldahls and similar diges- 
tion-requiring procedures. No longer is 
it necessary to provide for a suitable 
time lag to enable such phases of the 
process as reduction and oxidation to 
occur. Additionally, it eliminates the 
need for isolating each phase in the 
digestive procedure, from the previous 
phase and from newly-introduced sample 
material just beginning the digestive 
process. Equally important is the fact 
that it handles the work with equipment 
occupying but a fraction of the space 
required for conventional methods. 

Integrated with the AutoAnalyzer, 
the new unit not only fully digests the 
material it is fed but provides for 
quantitation and permanently records 
results on a graphed readout. The 
multiple proportioning pumps in the 
AutoAnalyzer are used continuously to 
supply digestion mixtures to the digestor, 
to present the sample continuously or 
intermittently and, in the final stages, to 
remove an aliquot of the digested 
product for final mensuration and 
recording. 

The digestor vessel is a glass Pyrex 
tube with helical indentations. It has an 
overall length of 31 in. and a diameter 
of 2 in. By rotation of the tube, liquid 
introduced at one extremity is conveyed 
in individual puddles or segments to the 
other extremity. Both extremities of the 
tube are slightly tapered to prevent 
condensed moisture from dropping off 
the end of the tube. 

The entire unit is fitted within a 
hemispherical type furnace where 
variable-speed rotation is achieved 
through wheels driven by a variable 
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geared motor. The method permits 
adjustment of the speed of rotation and 
thus of the duration of the digestion 
phase. The faster the tube is rotated, the 
shorter the time allotted to the digestion 
of the specimen. An _ electronic-type 
temperature control and indicator per- 
mits heat adjustment from room 
temperature to approximately 700°C., 
an important additional factor in pro- 
viding a control method for the length 
of the digestion period. 

On emergence from the digestion 
vessel, the excess fluid is removed and 
sent to waste, fumes and water vapour 
are aspirated and exhausted, and the 
highly concentrated digestion is diluted, 
cooled and aspirated. 

In the final step, the fully digested and 
prepared material is introduced into the 
AutoAnalyzer for analysis and per- 
manent recording of the results on a 
graphed readout. The entire process is 
automatic with no human manipulation 
required. 

(Manufacturers: Technicon Instruments 
Co., Ltd., 26 Warwick Road, London, 
S.W.5.) 


Display Oscilloscope 


A new oscilloscope has been introduced 
which is designed for use primarily as 


an instructional and demonstration 
instrument for displaying low frequency 
(0 to 10 k/cs.) waveforms. A 17 in 
cathode ray tube is fitted, having a 
brilliant orange trace with a long 
afterglow effective up to approximately 
30 seconds in normal room lighting. 
The full area of the screen is usable and 
the display is clearly visible from the 
greatest distances normally encountered 
in classrooms. 

The instrument consists basically of 
the CRT and its controls, together with 
X and Y amplifiers having input 
terminals on the front panel. Two 
additional units, a time base generator 
and a beam switch unit, are built in and 
feed the X and Y amplifiers through 
quick-release links between the front 
panel terminals. 

The time base generator provides 
sweep speeds continuously variable 
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from one second to one millisecond and 
is synchronized internally from the Y1 
input channel in the beam switch unit. 

The beam switch unit incorporates 
four Y pre-amplifiers, each with its own 
gain and shift controls and a coaxial 
input terminal on the front panel. It may 
be set to give a 1, 2, or 4-trace display, 
enabling up to four related waveforms 
to be shown on the screen at once. 

The instrument is normally used with 
its own time base generator in operation, 
but this may be quickly disconr ected by 
removing the front panel links. External 
signals may then be applied directly to 
the X amplifier for generating Lissajous 
figures, and if required four such 
figures may be displayed at once by 
using the beam switch unit. 

Although designed principally for 
instructional use the instrument has 
proved valuable for low frequency 
applications in general laboratory work, 
where its large brilliant display confers 
advantages in ease and convenience of 
operation. 

The display oscilloscope Type 279 is 
described fully in Descriptive Leaflet No 
215, available on request 
(Manufacturers: Airmec 
Wycombe, Bucks.) 
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Sigrist Photometer 


The Sigrist photometer UP2/LD is a 
new combined absorptiometer and 
nephelometer for laboratory use. It uses 
the fully automatic optical compensation 
method unique to Sigrist photometers 
whereby all measurements made are a 
function only of the structure of the 
light path, being independent of instru- 
mental variations such as light source, 
photocell sensitivity and amplifier gain 
Various versions are available, with cr 
without inkless recorder and motor- 
driven monochromator. 
Absorption range: 
with filters 
with Monochromator 
Turbidity range: 
2 x 1075-6 10-2 absolute units 
(Distributors: Southern Analytica! Ltd., 
Frimley Road, Camberley, Surrey.) 


366-950 my. 
400-1000m u 


The Sigrist photometer is a new com- 
bined absorptiometer and nephelometer 
for laboratory use. 
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New low cost proportional controller by 

Honeywell, the Pyr-O-Volt, for control- 

ling electrical loads with magnetic 
amplifier and saturable core reactor. 


Low Cost Proportional 
Controller 


For stepless proportional control of 
electrical loads using magnetic amplifier 
and saturable reactor, a new milli- 
voltmeter instrument known as the Pyr- 
O-Volt has been developed. 

The Pyr-O-Volt controller 105R12 is 
an inexpensive current-proportioning 
instrument with no contactors. It has a 
continuous output of 3 to 7 milliamps 
working into an impedance of 4,000 
ohms or more when used as the input to 
a magnetic amplifier. It will control 
saturable core reactors up to 100 kVA.., 
with provision for control of larger 
reactors 

Among important features are the 
straight line control, automatic fail-safe, 
built-in voltage regulation, plug-in 
design, adjustments on the instrument 
itself, connection and servicing from the 
front. 

In the same family is another new 
instrument, the millivoltmeter indicator 
10SX11, which has a high quality 
moving coil movement and a plug-in 
design. 

These instruments are likely to find 
application in metal producing and 
processing, ceramics, plastics extrusion, 
and other industries. They could also be 
used in research. 
(Manufacturers: Honeywell 
Ltd., Greenford, Middlesex.) 


Controls 


Storage Unit 


Designed for the storage of smal] fragile 
containers, bottles and capsules, a new 
14 drawer unit has been added to the 


standard range of Raaco industrial 
cabinets. This new unit is 7¢ in. high 

12} in. wide « 5} in. deep and has been 
specially designed for laboratory or shop 
counter use. By using sub-dividers, this 
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The new 14-drawer Raaco unit with 54 separate compartments. 


small unit provides for 54 separate 
compartments. 

The drawers are contained in a sheet 
metal cabinet with a grey hammer finish, 
and the cabinet itself can be stacked or 
fastened to the wall. Apart from its 
versatility for use on individual bench 
units, extensive compact storage installa- 
tions can be assembled with larger-sized 
Raaco units, all standardized on width 
and depth. 

(Manufacturers: James H. Randall & 
Son Ltd., Paddington Green Works, 
London, W.2) 


A Slow Neutron Detector 


A new slow neutron detector NE 421 of 
Li®F is now available. The new detector 
makes use of the fact that the alpha 
particle emitted from Lithium 6 after 
neutron capture has a higher energy 
than the corresponding alpha from 
Boron 10, and this leads to considerably 
higher detection efficiencies in the 
scintillator. 

(Manufacturers: Nuclear Enterprises 
(G.B.) Ltd., Bankhead Medway, Edin- 
burgh, 11.) 


The Flatters & Garnett No. 1 Microprojector as shown at the 
recent Laboratory Apparatus and Materials Exhibition. 
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General 


New Research Laboratories at Lathom 
The new laboratories built by Pilkington 
Brothers Limited at Lathom, near 
Ormskirk, Lancashire at a cost of £2 
million, form the largest glass research 
centre in the world and what is also 
thought to be the biggest single research 
unit of any kind in Britain. 

Situated in a site covering 160 acres 
the laboratories will eventually accom- 
modate a total of 500 people of which 
150 will be graduates. 

The scientific and technical staff will 
undertake basic and applied research on 
products of the whole Pilkington Group, 
which will include flat glass, optical glass, 
glass fibres, insulators and cathode ray 
tubes. This work involves studies in 
solid state physics, organic and physical 
chemistry, metallurgy, statistics, elec- 
tronics, x-ray techniques and other 
subjects. 

Three main types of building have 
been provided to suit the scale of work 
to be done: the first for smal! scale, the 
second for medium scale and the third 
for large scale experiments. Other 
buildings include a radio-chemical lab- 
oratory, workshops, stores, a lecture 
theatre and a canteen. The total floor 
area of the buildings is just over 250,000 
sq. ft. 

The smal! scale laboratory is a four- 
storey building 450 ft. long, 65 ft. wide 
and is constructed from precast concrete 
units. All windows are double glazed and 
Muroglass cladding is used extensively. 
The design is modular giving bays 





All the laboratory benches in the administration and laboratory building of Sandoz 

Products Ltd. are topped with grey Warerite. The centre islands, which carry 

electricity, gas and compressed air supplies, are faced and topped with the same 
materials. 


measuring 13 ft. 4 in. by 26 ft. 8 in. and 
11 ft. high. Most laboratories are made 
up of two or three bays but some are as 
large as five bays 

Each bay if provided with six service 
outlets in the floor distributed so that it 
is possible to have electricity, gas, water 
and drainage available within six feet of 
any working space in the building 

The medium scale laboratory with a 
floor area of about 39,000 sq. ft. and a 
height of 20 ft. is a single storey steel 
frame building with large open working 
areas 

The large scale research laboratory is 
450 ft. long, 80 ft. wide and 40 ft. high 


A general view of the interior of the medium scale research laboratory of Pilkington 
Brothers new £2,000,000 glass research centre at}Lathom, near St. Helens. It has 
a floor area of about 38,000 sq. ft., with a headroom of about 20 ft. 
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It is a steel portal frame building clad 
with asbestos sheets and vertical patent 
glazing and provides extensive open 
working space for large scale experi- 
ments. 

The laboratory for radiochemical 
work is at present under construction 
and is a separate building of 5,500 sq. ft. 
incorporating the most modern ideas in 
this field. It is designed not only for the 
study of the effects of radiation on 
glasses, but also for the application of 
the powerful techniques now available 
with the use of radioactive materials 


Yorkshire Laboratories 

The large laboratories of the Adminis- 
tration and Laboratory Building of 
Sandoz Products Ltd., Horsforth, Leeds, 
are one of the most recent users of 
Warerite laminated plastics which is 
impervious to staining, greases, organic 
alkalis and weak acids. It is also heat 
resistant and unaffected by extreme 
cold: all qualities which render it ideal 
for laboratory bench tops and other 
uses. From a staff point of view, the ease 
with which Warerite can be wiped clean 
with a damp cloth is, perhaps, a most 
important attribute 

Over 300 sheets of grey Warerite have 
been used for bench tops, and the tops 
and sides of bench supplies ‘stands’. In 
the dyestuffs samples rooms, stepped 
shelves of Warerite grey have been 
fabricated; a system that allows small 
bottles to be stored in glass-fronted 
cabinets in positions which allow all the 
labels to be read at a glance, and any 
particular sample identified immediately. 
Here, again, Warerite enables thorough 
cleaning to be undertaken with a 
minimum of effort 


JuLy 1961 





Put to the test 


Samples from every batch of M&B 
laboratory chemicals are subjected to 
stringent tests by May & Baker analysts 
~you can be sure that each M&B chemical 
you use conforms to our high standards 
of specification. 

Our extensive range of M&B laboratory 
chemicals has been developed to meet all 
everyday analytical and educational 
needs as well as to provide a selection of 
chemicals for specialized laboratory 
work. 


Detailed information is available on request 


A&E LABORATORY CHEMICALS«and REAGENTS 


brand 


‘tured bu MAY & BAKER LTD DAGENHAM - ESSEX - Tel : pominion 3060 Ext. 320 


Safety 
25 30 volts A.C, motor (plug-in transformer from 
any normal mains voltage) 


Synchronous speed 


Nelson Hetropolar low speed gearless unit 


Stainless steel contact 


Other materials when necessary 


Single or twin heads 
Parts interchangeable, conversion in minutes 
Six capacity ranges 


Smallest from zero to 100 ces. /hr., largest from zero 
to 1,500ccs. /hr.controlled by micrometer adjustment 


Standard plunger or diaphragm heads 


MICRO PUMP T new a3 metering pump 


Single Unit =» Duplex Unit | RSQ 
=< 
of | DC 
( % Full particulars from 


sie hE THE DISTILLERS COMPANY LIMITED 


GREAT BURGH, EPSOM, SURREY 
Telephone: Burgh Heath 3470 


| 
5 ee ee 
| =" | et | 
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Plug-in Transformer 
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EXHIBITION LECTURES 


It is hoped to include in the 
August and September issues of 
LABORATORY PRACTICE the 
lectures delivered at the recent 
Laboratory Apparatus and Mater- 
ials Exhibition sponsored by this 
journal and staged by U.T-.P. 
Exhibitions Ltd. 











Manufacturer’s News 


Optical Instruments 
Hilger & Watts Ltd. are pleased to 
announce that Wray (Optical Works) 
Ltd. have come into association with 
them, and feel that thereby the optical 
instrument industry of this country will 
be strengthened. 

Mr. A. W. Smith (a former President 
of S.I.M.A.) is continuing as Managing 
Director of Wray (Optical Works) Ltd. 
Mr. Smith is currently Chairman of the 
S.I1.M.A. Education Committee and of 
the City and Guilds Advisory Com- 
mittee for Instrument Making. 





Personal 


Mr. J. W. Ryde 
The General Electric Company Limited 
announces with great regret the death at 
the age of 63, of John Walter Ryde, 
F.Inst.P., F.R.S., the Chief Scientist of the 
Hirst Research Centre of the Company, 
Wembley, Middlesex. 

Ryde was educated at St. Paul's 
School and the City and Guilds Tech- 
nical College, Finsbury, where he 
studied under Prof. Sylvanus Thompson, 
and subsequently served with the Royal 
Engineers in World War I. He joined the 
newly established Research Laboratories 
of The General Electric Company 
Limited in 1919, directly from his war 
service, as a physicist, and was a 
leading member of the scientific staff of 
the Laboratories from the start. 

His many and varied early research 
studies included pure spectroscopy, the 
gaseous electrical discharge and ther- 
mionics. His work on the scattering of 
light, first applied in the ‘20s to optical 
diffusing media in glasses, was developed 
by him during World War II to classic 
studies of the attenuation and the radar 
echoes produced by meteorological 
phenomena at centimetre wavelengths. 
He made significant contributions to the 
development of electrical discharge 
lamps, luminescent materials and optical 
projection systems. His researches in 
World War II included velocity modula- 
tion tubes and crystal valves for micro- 
wave mixer devices, together with work 
on the FIDO fog dispersal system. The 


500 


design, in his leisure hours, of a pocket 
Illumination Chart for Service use was 
typical of him. It showed levels of 
illumination, by day and by night at 
various latitudes, and was used exten- 
sively in military operations. 

Ryde was elected a Fellow of the 
Royal Society in 1948, ‘distinguished in 
his contributions to pure and applied 
physics’. He was appointed Chief 
Physicist at the G.E.C. Research 
Laboratories in 1950 and Chief Scientist 
in 1953. During these recent years he 
has had overall responsibility for the 
programmes of pure scientific research 
of the establishment with particular 
interests in the fields of new materials, 
crystal growing and solid state physics. 


Mr. Graham Miller 
The Wayne Kerr Laboratories Ltd. have 
appointed Mr. Graham Miller Home 
Sales Manager responsible to General 
Sales Manager Mr. Gordon Ball for the 
sales of all Wayne Kerr instruments in 
Great Britain. 

Mr. Miller studied electronics at 
Manchester College of Technology and 
was a graduate in Physics at Swansea 
University. He subsequently became a 
circuit design engineer and spent two 
years as Head of the Ferranti Standards 
Laboratory at their Wythenshawe Lab- 
oratories. 

Mr. Miller joined Wayne Kerr two 
years ago as Sales Engineer for the 
North of England. 


CATALOGUES, BROCHURES & LEAFLETS 


Received from 


Moisture Determination.—British 
Drug Houses Ltd., of Poole, Dorset, 
have issued a second edition of Moisture 
Determination by the Karl Fischer 
Reagent. Copies can be obtained direct 
from the publishers. 

Portable and Side-Entry Mixers. 
Three new specification leaflets have 
been issued by Premier Colloid Mills 
Ltd. of Hersham Trading Estate, 
Walton-on-Thames, Surrey. One des- 
cribes the company’s portable mixers, 
another the side-entry mixers and the 
third gives details of the action and 
properties of the Dispersator mixing 
head. 

Metabolic Pathways.—L. Light & Co. 
Ltd., of Colnbrook, Bucks, have 
published a note entitled Maps and 
Metabolism written by D. E. Nicholson 
to be used in conjunction with their 
metabolic pathways chart. 

M. & B. Laboratory Bulletin.—The 
May 1961 issue of this publication 
issued by May & Baker Ltd., Dagenham, 
Essex, contains the following articles: A 
Biochemical Approach to World Nutri- 
tion, High Speed Photography and 
Micrography, and Kekule and the 
Structure of Benzine. 

Review.—Under this title the Lough- 
borough Glass Co., Ltd. of Lough- 
borough have published the first of a 
two monthly bulletin giving details of 
new products and other items of 
interest. 

Gas Liquid Chromatography.—Pri- 
marily intended as a comprehensive 
brochure to describe the new version of 
the Pye Argon chromatograph, a new 
28-page publication issued by W. G. 
Pye & Co., Ltd., of Granta Works, 
Cambridge, contains details of many 
techniques which have recently been 
developed in the field of chromato- 
graphic analysis. 

Marconi Instrumentation. 
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Marconi 


Manufacturers 


Instruments Ltd. of St. Albans, Herts., 
have adopted a new format for their 
monthly publication, the chief change 
being in the alteration of the page size 
and the introduction of a semi-stiff 
cover. The main technical content of the 
bulletin remains unchanged and this 
present issue contains details of a wide 
range, R-C oscillator, two special 
bridges, white noise test set, standardiza- 
tion of F.M. deviation meters and a 
F.M. signal generator. 

Dissolved Oxygen Analysing Meter.— 
The Cambridge Instrument Co., Ltd., 
13 Grosvenor Place, London, S.W.1. 
have produced a new publication 
describing their physical type dissolved 
oxygen analysing meter. This instru- 
ment provides a continuous automatic 
analysis of boiler feed water in smaller 
power producing plants employing 
mechanical deaerators. The equipment 
described is not suitable where chemicals 
are added to the feed water and the 
company’s electrochemical analyser is 
mentioned as being suitable for these 
conditions. 

Scientific and Laboratory Glassware.- 

A greatly improved 76-page catalogue of 
Pyrex scientific and laboratory glass- 
ware, tubing and rod has been pub- 
lished by the manufacturers, James A. 
Jobling and Co., Ltd., Wear Glass 
Works, Sunderland. It gives descrip- 
tions and dimensions of more than 750 
items in the standard range, with notes 
on the chemical and physical properties 
of Pyrex glass. Features which make the 
catalogue easy to use are division by 
application into 10 sections, clearly 
shown in the list of contents, a compre- 
hensive, cross-referenced index, and a 
simplified line drawing of each type of 
apparatus against its catalogue entry. 
The catalogue is not bulky, is easy to file 
and its pages lie flat when opened. The 
inside back cover contains a pocket for 
current price lists. 
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porcelain ball mill pots 


- Effluent: 
‘and. . 

+ trade 
i waste 
instrumentation 


> 


These new type ball mill pots with flat ground tops 
and flat ground interchangeable covers are already 
popular with a large number of satisfied users. Made of 
hard porcelain with the excellent properties of resistance 


to corrosion and abrasion and freedom from contam- 
inati indi AUTOMATIC 


ination. Ideal for dry or wet grinding ceramic colours, 


chemicals, paints, pharmaceutics, etc. CONTROL for 


: : bs pHneutralisation of effiuent 
Available from 1-pint to 5-gallons nominal capacities. also 

Supplied complete with nickel plated metal fittings 

and with or without ball charges. Nickel plated metal 

pourers for — ball and material charges are 

available for all sizes of ball mill pots. 


PASCALL 


Write or telephone Crawley 25166 for List PP2507 
A.M.LOCK &CO.LTD 


INSTRUMENTATION ENGINEERS 


INSTRUMENTATION 


THE PASCALL ENGINEERING CO LTD : 79 UNION STREET 
OLD 
GATWICK ROAD - CRAWLEY - sUSSEX LDHAM LANCASHIRE: 
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GREENS’ PURE 
\ 
FILTER \(PAPERS 


are 
Competitive in Price and made 
to published standards. 


Ask for free descriptive book 
18 G.60 which gives you the 
specifications. 





J. BARCHAM GREEN LTD. 
MAIDSTONE - ENGLAND 











~ FOR THELABORATORY — 


THESE | HIGH IMPACT 
STRENGTH§ MOULDED 
; HANDWHEELS AND 
| COVERS ARE GUARAN- 
TEED FOR THREE YEARS 
INCORPORATE SERVICE 
IDENTIFICAION COL- 
OUR DISC 
SHAPED TO 
THE HAND 
REGISTERED 
DESIGN 


) ¢ CORROSION RESISTANT 
[jou aVe FITTINGS 


COATED IN A TOUGH (EPOXY RESIN BASE) ACID, ALKALI 
AND SOLVENT RESISTANT MATERIAL 
.- 7 BLACK OR 8.8. COAOMMNS 
DONALD BROWN (Brownall) LTD., BROWNALL WORKS 


Lower Moss Lane, Chester Road, Manchester 15 
Tel : DEAnsgate 4754/5 Grams: DONABROW, Manchester 15 
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STEREOSCOPIC BINOCULARS 


The many applica- 
tions in industry and 
science for which this 
type of microscope is 
suited are fully ex- 
plained in a booklet, 
post free on applica- 
tion. 


R. & J. BECK LTD. 
69-71 MORTIMER STREET, LONDON, W.1 











EST. 7€COr 1888 
SS 


Specially designed thermometers for all 
Laboratory purposes. 
Made in accordance with I.P., 8.S.1., 
S.T.P.T.C. & A.S.T.M. specifications. 
Short range, short stem, Calori- 
meter and Secondary Reference 
Standard thermometers. ra 
‘ . Precision Hydrometers 
ark. Suites © for Density, Specific 
requires. Z Gravity and all Arbitrary 
scales. 
Glass sheathed Insulated thermo- 
meters for Chemical purposes. 
Mercury in Steel, Vapour Pressure and 
Bimetallic thermometers. 


i —— od 
G. H. ZEAL wn. 


LOMBARD RD., MORDEN RD., LONDON, S.W.19 


Phone: Liberty 2283/4/5/6. Grams: Zeaidom, Souphone, London 
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IS THE NEW 


Apart from its appearance, which we 

venture to think is considerably improved, 

there are no doors to open, the Nessleriser 
glasses can be more easily inserted and re- 
moved, and the design gives built-in provision 
for blue glass filters for use with white light at- 
tachments. Most metal parts have been eliminated. 
The range of interchangeable discs for use with the 
instrument provides permanent colour standards 
for some thirty analytical procedures, in addi- 
tion to seventeen discs for pH determinations. 
The price, complete with any nine-standard 
disc and a pair of matched Nessleriser 
glasses, is £12.10s.0d. 


B.D.H. LOVIBOND NESSLERISER 


THE BRITISH DRUG HOUSES LTD. 
B.D.H. LABORATORY CHEMICALS DIVISION 


POOLE DORSET 





OXY-COAL GAS 
BLOW PIPE 


specially for working 
BOROSILICATE 


GLASSES (Pyrex, 
Phoenix, Hysil, etc.) 


Five jets and 
central pilot light — 
flame size selected 


INSTANTANEOUSLY 


Rotating turret 
head for easy jet selec- 
tion. 


—@ Auxiliary supply 


of ory coal mixture for 
hand torch 
smption 
Ae "um economy 
A modern oxy-coal gas blow pipe of sturdy construction evolved through 
years of practical experience in glass manipulation. A nearly silent flame 
from pin point to one capable of working 100 mm. tubing at a flick of the 
turret. To the inexperienced it gives confidence to the experienced it is an 
assurance of efficiency and successfully completed work. A unique instru- 
ment for the research laboratory or workshop. Send for leaflet PB/L2 


Obtainabie only from : Price £25.0.0 


| y D SCORAH M S 44, NORTHFIELD RD 
o . . . C. BIRMINGHAM, 30 
phone: KiNgs Norton 1885 
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SMALL AIR COMPRESSORS 
VACUUM & LIQUID PUMPS 


Charies 
Austen 
Pumps Ltd. 


The C.15/50 Liquid Pump 


Pump casing and Impelior 
are made from Nylon 
filled Bakelite 


PETERSHAM WORKS ¥ Ge. hey Outes Pipe. 


HIGH ROAD 
BYFLEET SURREY 
Telephone: Byfleet 43224/5 


( onstant speed motor 
1/30 h.p. Stainless Shalt 


Flow rates : 
155 G.P.H. 

at 0 feet head 
25 G.P.H. 

at S’ 6" head 


Brochure sent on request 
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Time to Stir 


means time for 


ANDERMAN 
& COMPANY LTD 


and the High Torque Stirrer 
with the best performance 
at the least expense. 


Price complete with Transformer, Chuck and Reduction 


Gear only £14.16.5 








SENT TO YOU 
for 
FOUR 
WEEKS 
FREE 
TRIAL 


Write to 


ANDERMAN 
& COMPANY LTD 


Battlebridge House 
87-95 Tooley Street 
London S.E.1 
Tel. HOP 1169 
































POUNDED 


*‘*CRISTA’? PIPETTE SHAKER 
with 
interchangeable Heads 


For 

PIPETTES 

KAHN TUBES 

BOTTLES Details on request 


HAWKSLEY & SONS LIMITED 
17 NEW CAVENDISH ST. LONDON WI 
WELBECK 8557 























FACHZEITSCHRIFT 
FUR DAS LABORATORIUM 


is for German speaking countries the only 


journal with special information devoted to 


Glassblowers of Apparatus 
Makers of Glass Instruments 


in particular, but also to all firms concerned 


with laboratory instruments. 


The cardinal point of reporting is laid upon 


information for 


Manufacturers of 
Laboratory Instruments 
Users of Laboratory Instruments 


G-I-T therefore reports on laboratory appara- 


tus made of glass as well as of other material. 


G-I-T also covers the field of measuring, testing 
and automatic control equipment for labora- 


tories. 


Are you interested in a specimen number? 
Please write to 
HOPPENSTEDT WIRTSCHAFTSVERLAG 


G.m.b.H., HAVELSTR 9. 
DARMSTADT (W. Germany), 
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‘SPEEDIVAC 


WATER JET PUMPS 


VACUUM: 12-15 mm Hg AT WATER PRESSURES AS 
LOW AS 15 Ihb/in 


STAINLESS STEEL JETS ELIMINATE CORROSION 


INTEGRAL NON-RETURN WATER VALVE 


IN HOT-PRESSED BRASS OR 
CHEMICALLY RESISTANT PLASTIC 


(Ex-works London) 


ALL-METAL £1-7-6 
PLASTIC 13-6 
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YOUR MIDLANDS SPECIALISTS THE 


IN CONTINENTAL & PORTABLE CHEMICAL LABORATORY 
AMERICAN INSTRUMENTS DESIGNED BY DR. H. MEDINGER 








| A complete chemical laboratory, containing 
ample apparatus and approximately 100 chemi- 
cals for work covering the various examinations 
. x fb in Chemistry (Ordinary-level and Advanced- 
SoM ET te IN G | level G.C.E., National Certificate, etc.). 
Equipment includes complete apparatus for 
N E y | Gas Preparation, Polythene Pneumatic Trough, 
a ‘4 W | Liebig Condenser for Distillation, Thermometer, 
Graduated Flask, Burette and Pipette (Class B) 
| for Titration, Combustion Tube and Boat, Blow- 
| pipe, Stainless Spatula, etc. 
l Dimensions: 21" x 15° « 9 Weight 33 Ib. 
Sturdy construction 
| In fitted, polished ply-wood case, with lock and 
| key. 
Further particulars and price on application 


TO SOLVE YOUR H ] 
PROBLEM S 


AIMER PRODUCTS LTD Fienisicr: 
Whatever your interest send your enquiries to: FURNISHERS 


F. COPLEY & CO. 
56-58 ROCHESTER PLACE, CAMDEN ROAD, LONDON W.W.1 
WOLLATON RD., BEESTON, NOTTINGHAM Setener GULAINEA Semb inn dnt 
































Classified 
Advertisement 


If you want to emphasise your firm's services 
or equipment; if you wish to advertise a vacant 
situation, buy or sell equipment, the Classified 
Advertisement columns of ‘LABORATORY 
PRACTICE’ will prove a valuable medium for 
your announcement—and bring results quickly. 


Measuring 
Strips. > Situations Wanted ... —4d. per word, 


minimum 6/- 


With printed pH values > Situations Vacant ... —6d. per word, 
minimum 10/- 


> Capacities Available ... —6d. per word, 
minimum 10/- 

> Services Available ... — 6d. per word, 
minimum 10/- 


> Business Opportunities — 6d. per word, 
minimum 10/- 


in the handy transparent 
packing 
Simple convement and reliable 


For further details and prices please apply to 
United Kingdom Distributors : Rates for other advertisements may be had 
on application to: 


H : V. S KA N Ltd . CLASSIFIED ADVERTISEMENT DEPT., 
238 Hole Lane, LABORATORY PRACTICE 


Northfield, Birmingham, 31. 9 Gough Square, London, E.C.4 
Telephone: Fleet Street 3172 











THE INDUSTRIAL APPLICATION 


OF 


pH MEASUREMENT & CONTROL 


by 
D. Colver Nutting, M.B.E., A.R.C.S., B.Sc. 


In a wide variety of industries the measurement and control of pH is a necessity. Typical 
examples of processes are sugar refining, water treatment, ore flotation, etc. 

The author has given a concise treatment of the subject in the five articles now available as a 
bound set of reprints. The underlying principles are reviewed and the derivation of the pH 
scale explained. Methods of measurement and control are detailed, and the application to a 
variety of typical continuous processes is outlined. The problem of close control is dealt with 
by the Author. 

Practical requirements during installation are specified. 


Price 5/- (Post free) 
UNITED TRADE PRESS LTD., 9 Gough Square, London, E.C.4 
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OVER 3.000 
MICHROME STAINS 


& Reagents for Microscopy, Histochemistry etc. 


Aquamount. Cytase. Fluoroil. Fluormont. Giemsa. Laktoseal 
Lipid crimson. Leishman. Optoil. Pyronin. Lipase. Sun Yellow G 
Toluidine blue. Urease. Violamine 3B etc. 


TRIFALGIC ACID, for electrophoresis etc. (ref. Bodman, J. 
1960), Ivor Smith's Chromatographic & Electrophoretic Techniques. 


104 page Catalogue available on request. 
ENCYCLOPAEDIA OF MICROSCOPIC STAINS 
500 pages Royal 8vo., price 95/-, Edward Gurr 
EDWARD GURR LTD., 


42, Upper Richmond Road West, London, S.W.14 

















4% NEW ACRYLONITRILE 


Measuring Cylinders 


Crystal Clear Good Chemical Resistance 
All Moulded Design Unbreakable 
Will Withstand Temperatures up to 100°C. 
Graduated to B.S. 604. 


25m! 11/6 each; 50m! 12/6 each; 
Or Equivalent in ozs. 


BORO’ LABORA TORIES & APPLIANCE 
COMPANY LIMIT 


1 Station Sutidings, Catford, London, S.E.6. 
Telephone: HiTher Green 2901. 


100m! 13/6 each. 











CORROSION 
and your laboratory 


Don’t take a chance on using 


corrosive or stain attracting 


equipment in your laboratory; 


have a word with T.R.F., the 


stainless steel people. Leave it 


to them to find the particular 


grading of stainless steel which 


is most practical for your needs 


and ‘tailormake’ 


your requirements. 


it to suit to 


TAYLOR RUSTLESS FITTINGS 


CO. LTD. 


RING ROAD, WORTLEY, LEEDS 12. 


TEL: 638711 











CLASSIFIED 
ADVERTISEMENTS 


All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other 
advertisements, 6d. per word minimum of 10s. Semi-dispiay advertisements 4s. per line, minimum (2. 
Display advertisements at tariff rates. Box Numbers count as four words. Replies forwarded 1s. extra. 
Replies to Box Numbers must be addressed to Laboratory Practice, 9 Gough Square, Fleet Street, 


London, E.C.4. 


The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think 
proper to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but 


should an error be made the Proprietors will not hold th 


SITUATIONS VACANT 


EDICAL LABORATORY TECH- 

NICIAN required. Part-time, 15 
hours per week. Salary £5 18s. 9d. plus 
London Weighting. Written applications 
giving experience and names of two 
referees to the Secretary, The Royal 
London Homoeopathic Hospital, Great 
Ormond Street, London, W.C.1. 


GRADUATE PHYSICAL 

CHEMIST required by progressive 
company engaged in the precision 
forging of stainless steels, nickel] base 
and titanium alloys. Duties include the 
development and control of extensive 
chemical and electro-chemical pro- 
cesses, hot working operations and heat 
treatment. The company, situated in the 
West Riding, is wellequipped with up-to 
date forging equipment and modern 
laboratories. Preferred age limit 25/30. 
Applications should include full details 
of education and past experience, with 
salary expected, marking envelope PA, 
Box 148. 


UNIVERSITY OF ADELAIDE 


Applications are invited for appointment 
as Senior Technical Assistant (Male) to 
take charge of the University’s Central 
Animal House which is situated at the 
Waite Agricultural Research Institute. 


An applicant should have had con- 
siderable experience in the handling and 
breeding of smal! animals required for 
experimental and teaching purposes. 


superannuation of F.S.S.U. basis. 


If the successful candidate comes from 
the United Kingdom, the University 
will nominate him (and his family) for 
assisted passages to Adelaide under the 
Commonwealth Migration Scheme. If 
he comes from within Australia or from 
New Zealand he will be granted 
equivalent assistance (not exceeding 
£A25). 

Further particulars will be supplied 
on request to the Registrar. 

Applications, giving particulars of 
age, qualifications, experience and mari- 
tal status, and including a medical 
certificate of health, and the names and 
addresses of two referees of whom 
enquiries may be made, should reach the 
Registrar, The University of Adelaide, 
Adelaide, South Australia, not later than 
17th July, 1961. 
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in any way for same. 








HE Agricultural Council will shortly 

appoint a LABORATORY 
STEWARD to their Radiobiological 
Laboratory at Letcombe Regis, 
Wantage, Berkshire. He will be re- 
sponsible for the custody and issue of 
stores and for the supervision of junior 
staff. 

Experience as Assistant Scientific or 
Laboratory Technician essential. Know- 
ledge of photography an advantage. 
Age limits 30 to 45 years. Starting 
salary of £786 rising to £1,082. Con- 
tributory superannuation scheme. 


Applications with names of two 
referees to the Secretary of the Labora- 
tory within two weeks. 


ABORATORY TECHNICIAN. 

required immediately at L.C.C 
Norwood Technical College, Knight's 
Hill, West Norwood, S.E.27, for 
Chemistry Department. Experience de- 
sirable but not essential. Salary scale 
£470 at 21, rising to £670 at 28 or for 
holders of recognized qualifications 
£550 at 21 rising to £750 at 28. Forms, 
returnable within 14 days, from Secre- 
tary. (s.a.f.e.) Please quote (Estab. 
7/L/1770/7). 





BACTERIOLOGICAL 
TECHNICIAN 


A technician aged 20 upwards is required 
in the Heinz Bacteriological Laboratory 
where he will be engaged primarily on 
heat sterilization problems 

This opening would be suitable to a 
young man who has achieved one of the 
following qualifications 

Intermediate I.M.L.T. 

Endorsed Certificate (Inst. of Biol) 

Membership 1.S.T 
but practical experience in Bacteriology 
is the most important consideration 

Conditions of employment are excel- 
lent and include a non-contributory 
pension and life assurance 

Further study is actively encouraged 
by the Company and an _ excellent 
Tuition Aid Scheme is in operation 

Please apply with a brief summary of 
personal history to date to:— 


The Personne! Officer, 
H. J. Heinz Company Limited, 
Waxlow Road, Harlesden, 
London, N.W.10. 








SERVICES AVAILABLE 
LECTRIC FURNACES—For all 
laboratory and production purposes 

500°C. to 1750°C. Standard sizes. Also 
specialists in meeting individual require- 
ments. Leading makers for over 30 
years. Catterson-Smith Ltd., Exhibition 
Grounds, Wembley, Middlesex. 


FOR SALE 
Cea CONES AND SOCKETS, 
Vitreosil silica tubing, polished silica 
discs and glazed sheet always in stock 
Custom built silica/quartz apparatus 
from Jencons, The Silica Centre, Mark 
Road, Hemel Hempstead, Hertfordshire. 

Telephone: Boxmoor 4641. 


NOTICES 
RE You Interested In Animals 
Without being A Fanatic? Then 
write for free, illustrated prospectus to 
UFAW (The Universities Federation for 
Animal Welfare), 74 Lamb’s Conduit 
Passage, London, W.C.1. 


BUSINESS OPPORTUNITIES 

STABLISHED LABORATORY 

EQUIPMENT with valuable good- 
will. Midland area. Modern  well- 
equipped premises. Owner willing con- 
sider expansion or sale. Box 149. 
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B.A.SCREWS Ecc. 
SPENCER COMPONENTS 


5 High Street, Kings Heath, Birmingham 14 














Sole Manufacturers of 
GURR’S 
(Regd. Trade Mark) 


MICROSCOPICAL STAINS 
& REAGENTS 


GEORGE T. GURR, LTD. 
136-140 New Kings Road, LONDON, S.W.6 











Laboratory Stainless 
Steel Equipment and 
Prototypes 


Manufactured 
to customers’ own requirements 


BOSS 
Welding & Engineering Co. Ltd. 


190 PENTONVILLE ROAD, LONDON, N.1 
Telephone: TERminus 5588 
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microbiological 
reagents and media 


THE ONLY COMPLETE LINE 


DETECTION OF THE 


SALMONELLA-SHIGELLA 


Bacto-S S Agar 

is a selective medium especially designed for use in isolation of fastidious 
Shigellaand Salmonella strains. The selective action of this medium restrains 
to a large extent the development of coliform bacteria with minimum 
restriction of fastidious strains of the pathogens. Because of the inhibitive 
action of the medium on coliform bacteria, it is possible to inoculate the 
medium heavily with faeces thereby greatly increasing the chance of positive 
isolations from samples containing very few pathogens 


Bacto-Bismuth Sulphite Agar 
is a highly selective medium for isolation of Salmonella typhosa. The 
unusual selective properties of this medium permit the use of large inocula 
of faeces and other suspected material without overgrowth of extraneous 
intestinal bacteria. 


Bacto-MacConkey Agar 
is an excellent differential medium for use in conjunction with Bacto-S S$ 
Agar and Bacto-Bismuth Sulphite Agar. This medium supports rapid and 
luxuriant growth of even the most fastidious strains of the typhoid-dysentery 
group. Although MacConkey Agar does not inhibit coliform bacteria 
it does afford excellent differentiation of colonies of pathogens from those 
of the lactose fermenting bacilli. 


Bacto-Tetrathionate Broth Base 

Bacto- Selenite Broth 
enrichment media for isolation of intestinal pathogens. These are excellent 
aids in the detection of carriers and examination of other materials for 
members of the Sa/monella-Shigella group. 


Please send for complete 
the latest technical 


laboratory 
information. 1 service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 
Branches in London, Manchester and Glasgow. 


TAS/0.012 
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Van Slyke 


apparatus 


WITH MAGNETIC STIRRING 


The chief feature of the new B.T.L. Van Slyke 
Manometric Gas Analysis Apparatus 

is the variable-speed magnetic stirring, 
controllable and efficient down to volumes 
of 3ml. Joints are spherically ground 

tO minimise strain during dismantling, 
and exclusive B.T.L. ‘Lee’ stopcock 
fittings ensure free rotation, constant 
tension and easy removal. An illuminated, 
ground glass panel is fitted behind the 
reaction pipette for easy observation. 

Sheet metal construction and a low centre 
of gravity make the apparatus stable and 
easily portable. Models with and without 
interval timer are available. 





Catalogue No. D6/ 307 £73.10.0 


without timer ) 


Catalogue No. D6/ 308 £85.0.0 
with timer ) 
Send for full details. 


complete 
laboratory 
service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester & Glasgow Agents throughout U.K. and all over the world 
TAS/BT/75 
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